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BULLETIN 


AMERICAN PHYSICAL SOCIETY 


1957 March Meeting at Philadelphia, March 21 


HE American Physical Society will hold its 

1957 March meeting (we have found no other 
designation for this one, despite the fact that two 
meetings of 1957 are scheduled for March) at 
Philadelphia, in the buildings of the University of 
Pennsylvania, on Thursday, Friday, and Saturday, 
March 21, 22, and 23. So accustomed are we to 
holding our March meetings in hotels, this locale 
will give us a surprising and a pleasant contrast. 
Normal for March is the predominance of our 
Divisions of High-Polymer Physics and Solid-State 
Physics, to which for the second time the younger 
Division of Chemical Physics adds itself as a patron, 
The other parts of physics, so overpowering at most 
of our conventions, contribute only a few papers to 
this one, though not quite so few as last year. 
Philadelphia is one of the greater cities where we 
meet too seldom (the latest occasion was in 1940) 
because of the proximity of New York and Wash- 


ington where we do have the habit of regularly 
convening. The Local Committee is headed by 
C. W. Ufford and S. D. Morgan of the University 
of Pennsylvania, to whom and to whose colleagues 
we owe much, 


Ihe Benjamin Franklin Hotel, at Ninth and 
Chestnut Streets, has set aside rooms for our mem- 
bers, who incidentally have been notified of this 
fact in two prior issues of the Bulletin: any who 
have not yet made reservations should do so at 
once, mentioning in their letters that they are 
coming for our meetings. To go from hotel to 
University, walk south along Ninth Street to Wal- 
nut Street and take a street-car on the latter: since 
not all of the Walnut-Street cars go to the Univer- 
sity, ask the conductor before boarding whether 
his is one that does: it is about a ten-minute ride 
to 33rd and Walnut where you get off. Coming 
back, the car will follow Chestnut Street and stop 
at the corner where the hotel is. 


The registration desk will be located in the Phys- 
ical Sciences Building of the University of Penn- 
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sylvania. Here will be the distribution of registra 
tion cards—the registration fee will be one dollar 
and the sale of tickets to the banquet of Friday 
evening and the social of Thursday evening (se« 
below). There will be blackboards adjacent to the 
registration desk for notices of messages and for 
the names of the post-deadline papers if any 
sult them frequently. 


con 


Our Division of High-Polymer Physics has « 
ganized five sessions, partly of invited and partly 
of contributed papers, occupying each of the half 
days of the meeting excepting Saturday afternoon 
By “organized” is here meant not only that they 
chose the invited papers but alse that they ar 
ranged the contributed papers, doing thus a service 
to the Secretary and the Society for which the 
former is grateful and the latter will be 


Our Division of Solid-State Physics organized 
five symposia— including one on the quite unsolid 
topic of liquid helium—-and in fact might be 
credited, or debited, with five and a half, in view 
of the statement which follows. Also it sprinkled a 
few other invited papers among the other sessions 


Our Division of Chemical Physics organized two 
symposia, but of one of these it shares the sponsor 
ship with the Division of Solid-State Physics, leav 
ing, let us say, one and a half to its account 


Session L on Friday morning consists of all of 
the invited papers lying outside of the provinces 
of the three Divisions: one in fundamental theory 
and three in nuclear physics. The Secretary is very 
happy that the four speakers—-W. F. G. Swann, 
F. R. Metzger, Walter Selove, and Abraham Klein 

were willing to give these papers despite the 
prospect of a slim audience, of which they were 
duly warned: may the warning prove excessive! 


Two hundred and thirteen contributed papers 
(a number to be compared with 201 in 1955 and 
224 in 1956) have been arranged in twenty sessions. 
Nine have been assigned to the session ‘“‘nuclear and 
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theoretical physics” and ten to the session “general 
physics,”’ these last including some identifiable as 
chemical physics. Of the disposition of the thirty- 
one in high-polymer physics, | have already spoken. 
The remaining one hundred and sixty-three belong 
more or less in solid-state physics, and what with 
their multitude and with the plethora of invited 
papers in the same field, the task of arranging the 
solid-state papers reasonably well was difficult, and 
the ideal of arranging them without undesirable 
coincidences in time was utterly unattainable. This 
problem always arises. On the present occasion it 
was solved largely by the efforts of E. Burstein, the 
Secretary of the Division of Solid-State Physics. 


The Business Meeting of the Division of High- 
Polymer Physics will be part of Session Eon 
Thursday afternoon, and the Business Meeting of 
the Division of Chemical Physics will be part of 
Session U on Saturday morning. The Business 
Meeting of the Division of Solid-State Physics will 
be held at an unlikely time and place, 6 P.M. of 
Thursday in the Indian Arts Gallery of the Uni- 
versity Museum, if the members of the Division 
can distract their attention from the party then 
and there going on. 


The Council of the American Physical Society 
will meet on Thursday afternoon at two, in a place 
of which the members will be notified by special 
message. 


The banquet of the Society will be held on Friday 
evening in the Crystal Ballroom of the Benjamin 
Franklin Hotel: President Gaylord P. Harnwell of 
the University of Pennsylvania will begin the after 
dinner programme; T. G., Fox of our Division of 
High-Polymer Physics will speak and so will Ger- 
hard Herzberg of our Division of Chemical Physics; 
and Cyril S. Smith will give an address under the 
title “Physical Metallurgy and the Physics of 
Metals.”’ The price will be five dollars. Bookings 
may and should be made in advance by use of the 
appropriate form on page 165 of this Bulletin. 


There will be a social hour (so designated by the 
Local Committee in spite of the fact that it spreads 
over two hours) in the impressive setting of the 
Indian Arts Gallery of the University Museum on 
Thursday afternoon from 5 to 7. Beer, soft drinks, 
pretzels, and potato chips are promised. The price 
will be $1.25 to men and zero to women, and book- 
inys may be made in advance by use of the appro- 
priate form on page 165 of this Bulletin. Here we 
do most urgently advise the use of the form, for the 
capacity of the room is distinctly under the prospec- 
tive attendance at the meeting. Those who reserve 
in advance will find their tickets waiting at the 
registration desk: others must take their chance. 
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SOCIETY 115 
The third of the forms on page 165 pertains to 
the ladies’ programme. Gray Line buses have been 
chartered to leave the Benjamin Franklin Hotel at 
two o'clock on Friday for a two-hour tour of historic 
Philadelphia, this to be followed by tea at 4:30 pM. 
in the Franklin Room of the hotel. The cost of all 
this will be $2.57 per person. Since the ladies will 
probably not read this Bulletin, their husbands and 
escorts are charged to make advance reservations 
for them. Tickets will be sold at the special ladies’ 
desk in the hotel (on the mezzanine), and this desk 
will be staffed from 9 to 5 on Thursday and Friday 
to offer “any needed information.” Philadelphia is 
rich in sites and buildings of great historic interest, 
many of which are within easy walking distance ot 
the hotel, while others such as the very notable 
art gallery are casy of access by taxi. The people 
at the desk will tell how to get to such more distant 
places as Longwood Gardens and Valley Forge. 


To get back to business: post-deadline ten- 
minute papers, pertaining to very recent achieve 
ments of very special importance, will be considered 
for admission to a special supplementary pro 
gramme if the abstracts are received at the office 
of the Society (the address below) not later than 
briday, March 15. The abstracts must be composed 
according to the usual rules, and two copies must 
be submitted of each: they will not be published. 
The titles of such papers as may be accepted will 
be written on a blackboard near the registration 
desk, and these papers will be scheduled for pre 
sentation at the end of Session R. 


Prospective meetings and deadlines of the So 
ciety are listed on page 162 of this Bulletin, together 
with instructions for the preparation of abstracts. 
The announcement of the 1957) Spring 
Meeting at Washington, with information about 
hotels, will be found on page 161. 


second 


Errata pertaining to abstracts in this issue will 
be published in a subsequent issue of this Bulletin 
if received not later than Monday, March 25, by 
Miss Ruth Bryans, American Institute of Physies, 
57 East 55th Street, New York 22, New York. 
Do not send in the abstracts marked with correc 
tions. Write out the corrections in the form “Instead 
of... read, ”" The privilege of publishing an 
erratum is not meant to provide either an oppor- 
tunity of publishing new data or an opportunity 
of replacing material cut out because the abstract 
was too long. 


KARL K. Darrow, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 








10:00 
10:00 
10:00 
10:00 

9:30 


2:00 
2:00 
2:00 
2:00 
2:00 
6:00 


9:30 
9:30 
9:30 
9:30 
9:00 


7:00 


9:30 
9:30 
9:30 
9:00 
9:30 


1:30 
1:30 
1:30 
1:30 


G. 
H. 
HA, 


U, 


W. 


Y. 
Z. 


EPITOME OF THE 1957 PHILADELPHIA MEETING 


(Personal names are those of invited speakers. DHPP stands for Division of High-Polymer Physics, DSSP for Division of Solid-State Physics, 


DCP for Division of Chemical Physics.) 


THURSDAY MORNING 


DCP: dielectric properties of solids: Matthias, Smyth, Cole, Hoffman. Museum. 
Magnetic materials, Houston. 

Compound semiconductors; KR. W. Smith. Irvine. 

Metals and alloys, A-2. 

DHPP: Litovitz; high-polymer physics I. A-1. 


‘THURSDAY AFTERNOON 


DHPP: Hammer; high-polymer physics I].; Business Session, A-1. 

DSSP: high-magnetic-field effects in metals and semiconductors: Steele, Swanson, Galt, Keyes, Burstein. Irvine 
Structure of ferroelectric and magnetic materials; magnetic resonance. Museum. 

Semiconductor surface phenomena; whiskers. Houston, 

General physics. A-2. 

Social hours. DSSP Business Meeting. Indian Arts Gallery. 


FRIDAY MORNING 


DSSP: nuclear magietic resonance: Redfield, Benedek, Shulman, Reif, Lowe. Museum 
Elemental semiconductors. Irvine. 

Swann, Metzger, Selove, Klein, A-2. 

Tinkham; eryogenics. Houston, 

DHPP: Hughes, Burnett, Flory, A-1. 


FRIDAY AFTERNOON 


Tobolsky: high-polymer physics IV. A-1. 

DSSP: liquid helium: Atkins, Roberts, Fairbank, Garwin, Museum. 
Magnetic effects in semiconductors. Irvine. 

Nuclear and theoretical physics; post-deadline papers, if any. A-2. 


Dislocations and allied topics. Houston, 


FRIDAY EVENING 


Banquet of the American Physical Society: Harnwell, Fox, Herzberg, Cyril S. Smith, Crystal Room. 


SATURDAY MORNING 


DSSP: double magnetic resonance: Feher, Cotts, Tanttila, Scovil. Irvine. 
Herman; solid-state theory. A-2. 

DCP: high-temperature vaporization: Gilles, Chupka, Margrave, Searcy. Houston. 
DHPP: Pao: high-polymer physics V. A-1. 


Irradiation effects (metals and insulators). Museum. 


SATURDAY AFTERNOON 


DSSP: theoretical topics: Brueckner, Ross, Luttinger, Watson, Museum. 
Goldberg ; transport, diffusion and lifetimes of carriers, Houston 

Alkali halides; luminescence. A-2, 
Irradiation effects; semiconductors. A-1. 
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PROGRAMME 


‘THURSDAY MORNING AT 


10:00 


Museum Auditorium 


(J. R. PLATT presiding ) 
i | & 


Chemical Physics 


Symposium of the DCP on Dielectric Properties of Solids 


Al. Ferroelectricity in 1956. B. J. Marrutas, Bell Telephone Laboratories, (30 min.) 


A2. Shape and Rotational Freedom of Polar Molecules in Crystals. C 


versity. (30 min.) 


P. Smyvu, Princeton Uni 


A3. Dielectric Properties of Solid Hydrogen Halides. Rk. Hi. Coie, Brown University. (30 min.) 


A4. Theory of Dielectric Relaxation in Molecular Crystals. | |) 


Standards, (30 min.) 
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HorreMan, National Bureau of 


MorNING AT 10:00 


Houston Hall Auditorium 


(C, ZENER presiding) 


Magnetic Materials ' 


Bl. Approximate Simple Expressions for the Demagnetiz- 
ing Factors of the General Ellipsoid.* Henri AMAr.—In the 
theory of the properties of fine ferromagnetic particles, the 
shape anisotropy and the magnetostatic energy’ have been 
playing an increasing role. Consequently, a greater use is made 
of the demagnetizing factors of the general ellipsoid. Ex- 
tremely useful tables and charts for the demagnetizing factors 
have been published by Stoner® (ellipsoids of revolution only) 
and by Osborn.* Osborn gives the expressions for these factors 
as functions of the axial ratios b/a, c/a (a >b >c semi-axes) 
Unfortunately, these functions are so unwieldy as to be of 
rather limited use in theoretical computations such as mini 
mum energy problems. However, a close scrutiny of the tables 
and charts given by Osborn suggests that approximate and 
simpler analytical expressions may be found that can replace 
\ set 
of these approximate expressions has been derived and is pro 
posed. For cases where higher accuracy is required, means of 
improving the proposed exprgssions are indicated that are 
based on the structure of Osborn data 


the rigorous expressions with a relatively small error 


* This work was supported by the Magnetics Research Program of The 
Franklin Institute Laboratories for Research and Development 

1K. C. Stoner and FE, P. Wohlfarth, Phil. Trans. A240, 599 (1947 

2. C. Stoner, Phil. Mag. 36, 804 (1945 

+1. A. Osborn, Phys. Rev. 67, 351 (1945 

B2. Rotational Hysteresis in Alnico and Cunife Magnets. 
I. S. Jacons, General Electric Research Laboratory. —Recent 
work! ? has shown that measurement of the rotational hystere 


S (W,/1,)d 0/11), may distinctively charac 


permanent 


sis integral, Rk 
terize the 
Measurements of R on polyerystalline samples of the preci 
pitation alloy magnets Alnico V, VII, and Cunife yield values 
between 1.0 and 1.4. If the remagnetizing elements are rod-like, 


magnetization process in magnets 


These values indicate a nonuniform magnetization process 


similar to that in elongated single domain iron. For plate-like 
elements,’ comparison with an idealized model continues to 
indicate a nonuniform process 


i¢ P. Bean and W. H. Meiklejohn, Bull. Am. Phya. Soe. Ser. U1, 1, 


148 (1956) 
71.8. Jacobse and F, b, Luborsky, Boston Magnetiem Conference (1956) 
J. Appl. Phys. (to be published 


th. A. Nesbitt and H. J. Williams, J. Appl. Phys, 26, 1297 (1956 


B3. Parasitic Ferromagnetism in @ Manganese. I!. \ 
Coorrer,* A. Arrort,t ano H.W. PAXtOoN, Carnegie Institute 
of Technology. —Arrott, Coles, and Goldman! have shown that 
a parasitic ferromagnetism can be induced at low tempera- 
tures in antiferromagnetic? a manganese by pickling ie nitric 
acid and that this effect can be subsequently removed by a 
We have contirmed this result 
we have eliminated as possible sources 


vacuum anneal Furthermore 
for this effect the pres 
ence of hydrogen or nitrogen in solid solution and the forma- 
tion of nitrides or hydrides. However, strains arising upon 
transforming from the § phase to the @ phase can induce this 
parasitic ferromagnetism. These results tit well with Li's! 
domain boundaries 

According to cA, 


should serve well to stabilize the domain boundaries 


hypothesis of antiferromagnetic viving 


rise to parasitn ferromagnetism strains 


* Present address: Bell Laboratories, Murray Hill, New 
Jeraey 

1 Present address: Ford Motor Company, Dearborn, Michigan 

' Arrott, Coles, and Goldman, Phys. Kev, 08, 1864 (1955 

*Shull and Wilkinson, Kevs. Modern Phys, 25, 100 (1954 
Roberts, Phys. Kev. 101, 547 (1956) 

*Y. Li, Phys. Rev, 101, 1450 (1956 


Telephone 


Ka ‘er and 


B4. Origin and Temperature Dependence of Magnetic 
Anisotropy in Nonconducting Ferromagnetics. W. |’. Wor,* 
Harvard Uniersity (introduced by J. H. Van Vleck) The 
effect of the electrostatic crystalline field has been considered 
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for a magnetic crystal in which the ions are strongly coupled 
by ferromagnetic exchange. On the basis of the one ion ap 
proximation that the exchange can be represented by a Weiss 
molecular field it is possible to derive expressions for the 
anisotropy constants, K,(7), in terms of the parameters 
occurring in the spin Hamiltonian of the isolated ions, and 
the magnetization of the lattice at the temperature, T. The 
treatment assumes that the magnetic electrons can be con- 
sidered as localized on the individual ions, and thus applies 
only to nonmetallic substances such as ferrites. The presence 
of more than one aligned sublattice is easily taken into 
account if the magnetization of each sublattice can be calcu- 
lated from the Néel equations. For ions in which there is no 
orbital angular momentum, or for which it is quenched, only 
those with S>2 will contribute to an over-all cubic aniso- 
tropy. In ions such as Co**, however, where the orbital momen 
tum is only partially quenched in a cubie field, very high 
strain dependent anisotropy is predicted. The orders of 
magnitude to be expected from this model are in good agree 
ment with experiment. 


* Supported by U.S. Air Force 


BS. High-Temperature Electrical Resistivity Measure- 
ments of the Ni-Pd Alloy System. A. I. Scuinpier, R. J. 
Smitu, AND Ee. I. Satkovirz, U.S. Naval Research Laboratory. 

The similarity of Ni and Pd would suggest that the elec- 
trical resistivity maximum of Ni-Pd alloys should occur at the 
50-50 composition, but measurements! at room temperature 
and below showed a maximum at 70 at YPd, 30 at YNi. The 
shift in the maximum may be explained on the basis of the 
uneven filling of the two half d bands resulting from the 
ferromagnetic nature of the alloys.? At temperatures where all 
the alloys are paramagnetic, the two half d bands are equally 
filled and the resistivity maximum would be expected to occur 
approximately at the 50-50 composition. ‘To check this, re- 
sistivity measurements were made on a series of Ni-Pd alloys 
from room temperature to 460°C. As one increases the tem- 
perature, the maximum in resistivity is found to shift from 70 
at %Pd to lower Pd content. At the highest temperatures 
measured, the maximum does occur at the 50-50 composition 
as expected, Values of dp/0T are found to be independent of 
composition over most of the alloy systemat 450°C; a slight 
decrease is found at the Pd rich end. 

' Schindler, Smith, and Salkovitz, J. Phys, Chem, Solids 1, 39 (1956), 


7A. 1. Schindler and A, W. Overhauser, Bull, Am, Phys. Soc, Ser. II, 
1, 444 (1956) 


Bo. Electron Structure and Surface Wetting. N. M. Pariku 
AND J. kk. GoupMan, Ford Motor Company.--When a sma!! 
cube of metal is melted on a solid plaque, the angle of contact 
that the molten drop forms with the solid surface depends 
primarily upon the relative surface energies of various inter- 
faces involved. Thus, for a system in which the surface ener- 
gies of the solid and molten metal! are constant at a given tem- 
perature, any change in the contact angle will be a measure of 
the change in the free surface energy of the liquid-solid inter 
face. An attempt has been made to correlate the change in the 
interfacial energy of a metal carbide interface with the internal 
electron states in the metal system. Measurements of contact 
angle were made in nickel-copper and palladium-silver alloys 
on titanium carbide surface. The results show a very striking 
decrease in the contact angle to zero in the composition ranges 
where in the solid state the d band would be nearly but not 
completely tilled. These results suggest a remarkable relation 
between wetting and the occupancy of the electron d states in 
transition metal alloys. 


B7. Elastic Constants of Nickel at High Magnetic Fields. 
J. R. NetGusours, G. A. ALers, AND H. Sato, Ford Motor 
Company.-—Slight differences in the elastic constants of ferro- 
magnetic substances depending upon the direction of the 


SESSION B 


magnetic field in the range of saturation magnetization have 
“morphic effect."’ To 
wave 


been observed and interpreted’ as a 
further investigate this effect, measurements of the 
velocity and attenuation of 10-mc sound waves have been 
made on a [110] nickel single crystal at fields of 10 000 oe to 
20 000 oe. Changes in velocity with direction of magnetization 
are of the order of 0.1% and are in qualitative agreement with 
previous measurements. However, polar plots of the velocity 
as a function of magnetic field direction different 
symmetry from that expected from the ordinary ‘‘morphi 
effect.” 


show a 


iW. P. Mason, Ph Rev. 82,715 (1951 

B8. A Molecular Field Theory for Dilute Magnetic Alloys 
and the Rare Earth Metals.* G. W. Pratt, Jr., Lincoln 
Laboratory.—In dilute magnetic alloys such as Mn in Cu the 
magnetic properties must arise from interactions capable of 
long range effectiveness. Two such are direct exchange between 
the magnetic atom and conduction electrons which is ferro- 
magnetic and a superexchange interaction between magnetic 
atoms via the conduction electrons which is antiferromagnetic 
A molecular field theory is given based on this model. This 
leads to the possibility of an antiferromagnetic-ferromag netic 
transition. A proof by Smart! showing such transitions cannot 
occur is shown to hold only in very special cases. This molec- 
ular field theory applied to Cu-Mn accounts for the antiferro- 
magnetism and shows that direct s-d exchange may not be as 
weak as implied by a previous treatment.? The rare earth 
metals are similar to dilute magnetic alloys since the 4f orbitals 
on one atom do not overlap those of its neighbors. It is pro- 
posed that the magnetic properties of these metals are due to 
direct and superexchange interactions with conduction elec- 
trons. This is supported by the fact that both erbium and 
dysprosium exhibit an antiferromagnetic-ferromagnetic trans 
ition. 


document wa ipported 
with the Massac 


vyintly by the 
husetts In 


* The research reported in this 
Army, Navy, and Air Force under contract 
stitute of Technology 

1). S. Smart, Re Modern Phys. 25, 327 (1953) 

2QOwen, Browne, Knight, and Kittel, Ph Re 102 
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Iron-Aluminum Alloys. A 
\s part of an 


B9. Antiferromagnetism in 
ArkotTrT AND H. SATO, Ford Motor Company. 
investigation of magnetization and order in the iron aluminum 
system we have determined the magnetic behavior of an alloy 
with sufficient aluminum to remove ferromagnetism at any 
temperature. Magnetic isotherms have been obtained on a 
specimen with 40 atomic from 2°K to 
300°K. The inverse susceptibility is linear with temperature 
down to 20°K with a slope corresponding to a g®S(.S+1) 
=26(Peu=5.1) per iron atom and an intercept corresponding 
to a 6 in the Curie-Weiss law of —90°K. The susceptibility 
remains constant from 20°K to 15°K and then 
rapidly between 15°K and 2°K. This behavior is rather typical 
of antiferromagnetic materials. In addition the appearance of 
a slight remanence which increases rapidly with decreasing 
temperature below 20°K is also consistent with the behavior 
of many antiferromagneti« their transition 
temperatures. If g is approximately two, then the moment 
indicates a spin state S =2 for the iron atoms in the iron sub- 
lattice of the FeAl structure. The moment assigned to the 
iron atoms in the aluminum sublattice is quite sensitive to the 
However, for the 


percent aluminum 


dec reases 


materials below 


value chosen for g in the iron sublattice 
choice g=2 in the iron sublattice, the spin state of the iron 
sublattice would be calculated as 


atoms in the aluminum 


S=5/2 


B10. Proposed Model for the Anisotropy in Antiferro- 
magnetic MnO and aMnS.* W. O'SuULLIVAN AND F. Krrrer, 
University of Pittsburgh.—According to Kaplan! magnetic 
dipolar interactions in an antiferromagnetic FCC array with 
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ordering of the second kind lead to a large anisotropy (4X 10° 
ergs/cm®) aligning the spins parallel to ferromagnetic (111) 
planes; and recent Brookhaven neutron diffraction experi- 
ments on MnO, NiO, and aMnsS confirm this alignment. This 
large anisotropy, however, disagrees with a much smaller 
anisotropy estimated by Nagamiya? from the field dependence 
Of Xpowder IN MnO. Our calculations of some other (weaker) 


++ 


sources of anisotropy possible for Mn** ions in S states sug- 
gest a model in which, in addition to Kaplan's (111) plane 
constraint, a much weaker anisotropy selects preferred direc- 
tions in those planes. The field dependence of x powder, a5 
calculated from this model, agrees with experiment if the weak 
anisotropy is ~1.910* ergs/cm® or possibly less. Further 
more, the presence of this weak anisotropy helps explain the 
strong spin-resonance absorption, well below the Curie point, 
observed in powdered Mn and MnO 


* This research was supported by the U, S, Air Force through the Air 
Force Office of Scientific Research of the Air Research and Development 
Command under contract No. AF 18(600)-892 

Kaplan, J. Chem, Phys. 22, 1709 (1954 
?T,. Nagamiya, Progr. Theoret. Phys, 6, 342 (1951 
‘Okamura, Torizuka, and Kojima, Phys. Rev, 82, 285 (1951 


B11. Multispin Axis Structures for Antiferromagnets. \\. L.. 
Roru, General Electric Research Laboratory* (introduced by 
I. S. Jacobs)..-The antiferromagnetic structures! * of MnO, 
CoQ, and NiO have generally been deduced from neutron 
diffraction studies by considering models which assume (1) 
antiparallel superexchange coupling, and (2) spins parallel and 
antiparallel to a single crystallographic direction. If only (1) 
is assumed, multispin axis structures are possible. These are 
described in the pseudocubic magnetic unit cell by the spin 
vectors S;, Se, Sy, S¢ with position coordinates 000, 1/4 3/4 0, 


1/403/4, 03/41/4. Several models consistent with the 
neutron powder diffraction data have been found. One 
(S,=S,=[110), S,=S,=[101]) is supported by neutron 


diffraction from single erystals of NiO; a second (S,=Sy, 


[010], S».=S,;=[(100)]) is consistent with the tetragonal 
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distortion of CoO. Although multispin axis structures have not 
been uniquely established relative to the single axis models, 
they agree equally well with the powder data, and appear 
superior when single crysta! diffraction and crystal symmetry 
are considered. 


* Work performed at Brookhaven National Laboratory Reactor 


' Shull, Strauser, and Woillan, Phys, Rev, 83, 344 (1951) 

*W. L. Roth, Am, Cryst. Assoc. Meeting, French Lick, Indiana (lune 
1956 

‘Vv. V. Li, Phys. Rev. 100,627 (1956 


* Goodenough and Loeb, Boston Magnetism Conference (1956 

B12. Magnetic Analysis of Imperfections in Uranium 
Oxide.” J. k. GoLpMAN, Ford Moter Company, AND A. ArRRkoTT, 
Carnegie Institute of Technology.t Magnetic isotherms of 
uranium oxides containing varying amounts of oxygen from 
UOs to UsOs have been measured between room temperatures 
and liquid helium using a method previously described.! [t has 
been possible on the basis of these measurements to ascertain 
that: (1) the additional oxygen goes into the UOs lattice 
interstitially rather than by the creation of vacancies in the 
uranium sublattice; (2) at nonstoichiometric 
close to but higher than UQOs, the charge balance is maintained 
by replacement of U** by U** ions; and (3) the phase limits 
for low temperature oxidation are UO, y as the upper limit of 
the UO, phase and UO, , for the lower limit of the UyO, phase 
rhe presence of oxygen as interstitials is indicated by an in- 
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crease in the magnitude of the negative exchange interaction 
with increasing oxygen content as would be caused by 180° 
superexchange interactions between U** ions through the 
interstitial oxygens. Anomalies are observed below 20°K. In 
UOs, this appears to be antiferromagnetism, At other com- 
positions, the interpretation of the low temperature behavior 


is not as clear cut. 

* Supported by the U.S, Atomic bnergy Commission under subcontract 
with the Atomic Power Division, Westinghouse bleetric Corporation 

t Present address: Ford Motor Company 


1A. Arrott and J. k. Goldman, Rev. Sei, Inatr, 28, 99 (1957 
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Cl. Double Refraction of Axial Crystals. 1. Wurtzite Struc- 
tures.* F. Kerrer, University of Pittsburgh.—Vhe Lorentz 
factor, 49/3, used in the derivation of the Lorentz-Lorenz 
formula relating the ovtical index of refraction of an ionic 
crystal to the electronic polarizabilities of the ions, assumes 
(a) no overlap between neighbor ions, and (b) tetrahedral 
symmetry. In the absence of (b), any difference between the 
dipole field factors along and perpendicular to the crystal axis 
may lead to double refraction. Anisotropy in neighbor-ion 
overlap, which may also cause double refraction, should be 
absent in wurtzite structures, which have tetrahedral sym- 
metry out to next-nearest neighbors. A revised Lorentz-Lorenz 
formulation, introducing anisotropic field factors, leads to a 
pair of equations for the ordinary and extraordinary indices 
of refraction. Using measured values of the indices one may 
solve these equations for the electronic polarizabilities of both 
types of ions. Results for ZnS, ZnO, BReO, CdS, and Ag] are in 
good agreement with the polarizabilities estimated by Tess- 
man, Kahn, and Shockley! from self-consistent calculations on 
simpler ionic crystals. Polarizabilities of the metallic ions tend 
to be slightly larger than the TKS values, indicating electron 


displacement towards these ions, a displacement required by 
the partial covalent bonding. 

* This research was supported by the U.S. Air Force through the Air 
Force Office of Scientific Research of the Air Research and Development 


Command 
Tessman, Kalin, and Shockley, Phys. Rev, 92, 890 (1954) 

C2. Double Refraction of Axial Crystals. II. Rutile Struc- 
tures.* 8. Smitowitz anv F. Kerver, University of Pitts- 
burgh.— The theory outlined above for wurtzite structures has 
been applied to rutile structures. Here, since the nearest 
neighbors of any ion do not satisfy tetrahedral symmetry, 
overlap effects will be expected to contribute to double re- 
fraction. These effects should be small, however, in strongly 
ionic crystals. The dipole field factors were calculated for a 
rutile structure with ¢/a =0.67, and applied to the determina- 
tion of the electronic polarizabilities of the ions in MgFs and 
SnO,. The polarizabilities for Mg** and F~ agree well with 
those quoted by Tessman, Kahn, and Shockley.! The values 
obtained for Sn*? and O-~ differ from the TKS values to a 


greater extent than Mg** and F~~, indicating, as the elec 

















120 


tronegativity values would lead one to expect, a larger degree 
of overlap for SnO». Other compounds will be discussed in 
addition to those mentioned above. We have also used the field 
factors to evaluate the magnetic dipolar fields at fluorine sites 
in paramagnetic and antiferromagnetic MnF 9. 

* This research was supported by the U.S. Air Force through the Air 
Force Office of Scientific Kesearch of the Air Kesearch and Development 


Command, 
' Teseman, Kahn, and Shockley, Phys. Rev, 92, 890 (1953). 


C3. Preparation of GaAs Single Crystals. J. M. WHELAN 
AND G. H. Wueattey, Bell Telephone Laboratories.-Grem- 
melmaier has grown GaAs single crystals from the melt, using 
a crystal puller sealed in a quartz tube in which the vertical 
motion of the cyrstal is controlled by the motion of an external 
magnet coupled to the crystal holder.! Recently, we have 
grown single crystals by the floating zone method, which 
offers the following advantages: (1) minimization of apparatus 
contamination, (2) the relatively small liquid volume mini- 
mizes temperature variations and consequent concentration 
gradients in the liquid, (3) the relatively large surface to 
volume ratio of the liquid favors the rate of approach to gas- 
liquid equilibrium, and (4) the motion of the liquid-solid 
interface is controlled by a direct mechanical drive. Crystals 
have been grown under an As pressure of 535425 mm using 
zone velocities of 1-2 mm/min. These varied in diameter from 
4.5 to 6.8 mm and were up to 19 em long, the limit of our 
apparatus. The resistivities varied from 1074 to 10° ohm cm. 
Room temperature py, ((8/3r)Ro), of 4100 and 330 em? 
volt ‘sec’! have been observed in n and p type samples con- 
taining 210" and 2.5 10"* carriers cm 4, respectively. Life- 
times of 20 psec have been measured by photoconductivity 
decay. 


tvon K. Gremmelmaier, Naturlorech, lla, 511-513 (1956), 

C4. Transient Photoconductivity in Pure AgCl at Room 
Temperature.* F.C. Brown, University of Illinois,-At room 
temperature and above, a steady electric field cannot be main- 
tained between blocking electrodes in silver chloride because of 
ionic conductivity. However photocurrent can be measured 
using a technique in which a fast rising step voltage is followed 
by illumination of the crystal with short 0.2 psec pulses of 
light.! The method is used to compare the volume photores- 
ponse of various crystals at room temperature and to obtain 
information on the factors which control electron-hole 
lifetimes. Results are presented for vacuum grown. single 
crystals of AgCl which contain only a few tenths of a part per 
million heavy metal impurities. The influence of anneal in 
various atmospheres and on MgO or CaO is discussed. 
Ilectron lifetimes of 0.35 asec and longer are directly observed. 
The ratio of electron range to hole range at high voltages is 
found to be greater than 150 in some crystals. Assuming equal 
hole and electron mobilities an upper limit of hole lifetime can 
be established at about 3X 10°% see. 


* Partially supported by the U.S. Air Force. 
we Hrown, Phys, Rey, 92, 502 (1954) 


C5. Electrical Properties of the Semiconductors Mg,Si 
and Mg,Ge. Rh. G. Morris, R. D. Repin, ano G, C. DANIEL- 
SON, lowa State College.—Uigher-purity single crystals of 
Mg:Si and Mg.Ge have been prepared from melts of stoi- 
chiometric proportions of the constituents in graphite cru- 
cibles. Measurements of Hall effeet and electrical resistivity 
have been made from 77°K to 1000°K, Carrier concentrations 
in the saturation region were as low as 8(10)'* electrons/cem! in 
Mg,Si and 3(10)'* electrons/cm’ in MgsGe. In better agree- 
ment with results of Winkler! than with those of Whitsett and 
Danielson,? the energy gap obtained from Hall effect data in 
the intrinsic range was 0.80 ev for Mg.Si and 0.70 ev for Mg2Ge 
Highest Hall mobilities at 300°K were 400 cm?/volt-sec for 
Mg,Si and 280 cm?*/volt-sec for MgsGe. The Hall mobility 
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was found to vary in the intrinsic range as 7~* where 2 <a <3 
in Mg.Si and a=2 in MgoGe. One p-type single crystal of 
Mg,Si has been obtained by doping with 0.2% by weight of 
silver. 
1, Winkler, Helv. Phys 
?Whitsett and Danielson, Phys 


Acta 28, 6334 
Rev. 


1955 


100, 1261°A 1955 
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C6. Lifetimes in Magnesium Stannide.* |. |. 
AND J. H. Becker, National Bureau of Standard 
ation of both the photoelectro magnetic effect and photo- 
conductivity under steady state conditions permits a direct 
evaluation of the electron-hole for optically 
created carriers.' This method has been applied to studies of 
lifetime as a function of temperature between 350 and 90°K on 
single crystals of the semiconductor MgSn? (extrinsic n- and 
p-type concentrations 10'*—10!'"/cc) 
those subjected to sandblasting and annealing treatments, 
have been investigated 
(chopped at 3000 cps) and the use of suitable filters allowed 
determination of the response to various wavelength regions 


pair lifetime 


Cleaved samples, and 


Radiation from a Nernst glower 


The responses were linear with applied electric and magnetic 
fields, and approximately linear with light intensity. Samples 
with the highest lifetimes followed approximately 
X(—E,/2kT) between 350 and 250°K 
tures the lifetimes either decreased or 
Below 150°K photovoltaic effects 
lifetimes" (not 
checks). Bulk electron-hole pair lifetime 
10 * to 10°7 se« 


T ~eXp 
For lower tempera 
remained constant 


and large “anomalou 


observable by transient decay 


at 300°K ranged from 


ocr urred 


* Research supported by the Office of Scientific Resear 
i, t r 


and Development Command \i 
1'W. Van Roosbroeck, P! Re 10: 


Fores 
"his 1714 (1956 
* Blunt, Frederikse, and Hosler, Phys, Re 


100, 663 (1955 


C7. Energy Transport in Photosemiconductors of the 
ZnS-CdS Type. M. BALKANSK!I (introduced by A. von Hippel 

When a CdS crystal is irradiated at some point and the rest 
of the semiconductor is shielded, the excitation travels through 
the nonirradiated part. A photocurrent can be 
from the irradiated spot. A new 
the diffusion constant, diffu 


measured far 
used to measure 
the 
energy carriers. For a very photosensitive crystal of CdS the 
10°* sec, and 


transported 


method | 
ion length, and lifetime of 
diffusion constant is D 4+-100 cm?®/sec, lifetime 7 
diffusion length L = (Dr)t=0.3 em 
by excitons; an electrical field has 
When an exciton comes into contact 


Ihe energy is 
no influence on the diffusion 


with a crystal defect, 


(impurity, dislocation, etc.) or reaches the surface, it is 
dissociated into a free electron and a hole. This work was done 
in the Fritz Haber Institut (Berlin) by Dr. |. Broser and is 


still in progress 


C8. Calculation of the Elastic Shear Constants of the Zinc- 
blende Structure.* 1), A. Conen anp J. R. Rerrz, Case 
Institute of Technology The total energy of a 
valence electrons and ion cores arranged in the zincblende 


system ol 


structure was found to separate into four terms, a Coulomb 
term, a Fermi energy term, the kinetic energy of the lowest 
and a type The 
derivatives of the Coulomb term were calculated using the 
Ewald method where part of the valence electronic charge was 
imagined to be the 
“bonds."’ The Fermi contribution to the elastic constants was 
calculated after the method of Leigh.' The Coulomb correction 
term may be combined with the Coulomb term by modifying 
the ionic charges, and the kinetic energy of the lowest state is 
in the process of being determined. The results of the first two 
terms show qualitative agreement with experiment (Ge, Si, 
InSb). The main point to be observed is that the Fermi energy 
term is required to stabilize the Cy, elastic constant 


state, Coulomb correction term second 


concentrated as spheric al charges in 


* Work supported by the Office 
1R.S. Leigh, Phil. Mag. 42, 139 


of Na 
1951 


al Research, 
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C9. Infrared Absorption and Energy Band Structure of 
Indium Antimonide.* G. W. Gospeti anp H. Y. Fan, Purdue 
University.—The investigation of the effect of a large carrier 
concentration on the intrinsic absorption in n-type samples has 
been extended to 90°K and 5°K. At 90°K, the absorption edge, 
which is shifted to shorter wavelengths, can be correlated with 
that of pure samples by the expression based on direction 
transitions, as had been shown for room temperature results.' 
At 5°K, the measured absorption edge is somewhat less steep 
than predicted by the expression 
made at 5°K on degenerate p-type samples of various hole 
concentrations. Instead of showing similar shifts of absorption 
edge as in n-type samples, the absorption behaves quite 
differently, indicating that the crystal does not have a simple 
valence band. For medium hole concentrations, the absorption 
has about the same threshold but does not reach the magnitude 
observed in pure samples. The spectral curve of absorption 
coefficient approaches that of pure samples only at shorter 
wavelengths. For very high hole concentrations, the results 
indicate a shifting of the threshold. These 
dence to the existence of overlapping bands in the valence band 


Measurements have been 


results bear evi 


* Work supported by a Signal Corps contract 
1H. Y. Fan and G. W. Gobeli, Bull. Am. Phys. Soe, Ser. 11, 1, 111 (1956 
C10. Piezoresistivity of Indium Antimonide.* Roy F 


Portier, National Bureau of Standards.—-The  piezoresis 
tivities of “‘n’’ and ‘‘p”’ types InSb have been measured in 
the temperatures range 77°K to 300°K. The procedure for 
the measurements was similar to that used by Smith! for Ge 
and Si in that a tensile stress was applied along the sample 
axis while longitudinal or transverse resistivity was measured 
The magnitude of the applied stress was determined by means 
of a balance beam and the load was changed by increments of 
100 g up to 1000 g. Hall voltage measurements indicated that 
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all samples had carrier concentrations at 77°K of the order 
10% /em}. The results at 77°K for “nn” type samples show that 
the elastoresistivity coethicients have a very small magnitude, 
This is in agreement with the expectations that the minimum 
of the conduction band lies at (0,0,0) in k space. Measurements 
on “p"’ type material give results at 77°K that are very similar 
to those for “p"’ type Ge and Si. The volume etlect is small 
while the coefficient Mg, is large in comparison. The other 
principal coefficient (MWiy— My2)/2 is also large in magnitude 
compared to the volume effect, which differs from the results 
given for Ge and Si. 

* Research ouppere: d by Office of Scientific Research, Research Develop 


ment Command, S. Air Force 


'C.S. Smith Phys. Rev, 94, 42 (1954) 


Cll. Optical 
National Carbon 
measurements have been made on single erystals of Hye 


Davip REDFIELD, 
Optical absorption 


in HgSe. 


Laboratories 


Absorption 
Research 


grown by deposition from the vapor. Chemical analysis places 
a maximum deviation from stoichiometry of these crystals at a 
tenths of 1%. Several crystals polished to thickness of 
0.12 mm to 0.25 mm were measured in the spectral range 


lew 


0.84 to 15 w. No transmission was observed in this range, and 
an estimated minimum absorption coeflicient of 430 em~! has 
been assigned at 5a. This absence of a fundamental absorption 
edge conflicts with the values for the energy gap estimated by 
Goodman! as 0.7 ev and tabulated by Winkler? as ~1 ev, but 
contirms the results of Blum and Regel® on nonstoichiometric 
Hall effect and resistivity measurements on one of 
77°K and 300°K 
temperature dependence with 210" free electrons per om! 


samples 


our crystals between show a degenerate 


and a carrier mobility of 4000 em?/v-sec at room temperature 
Phys, Soc London) B67, 258 (1954 
Acta, 28, 6435 (1955 
Tekh. Fis, (0 


'C HL, L,. Goodman, Pro« 
71), Winkler, Hel Phys 


7A. 1. Blum and A. RK. Kegel, J S.S.K.)21, 416 (1951 
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C12. Electron, Hole, and Ion Motion in CdS Crystals. Kk. W. Smitu, RCA Laboratories 


THURSDAY MORNING AT 


(30 min.) 


10:00 


Physical Sciences, Room A-2 


(S. L. Quimpy presiding) 


Metals and Alloys 


CAl1. The Elastic Constants of Zinc. (>. A. ALERS 


AND 


J. R. NesGunours, Ford Motor Company.—-Of interest, in 
comparison of theories of metallic binding and of lattice vibra 
tions, are the crystal elastic constants. These have been 


measured for crystalline zine through the solid range from 
4.2°K to near the melting point using the pulsed ultrasonic 
method. The temperature variation of the constants is about 


the same as for other metals. As the melting point is ap 


proached the shear constants 1/2(C\,;—C\.) and Cy, do not 
vanish or show very rapid temperature variations. The room 
temperature values of the constants are substantially in agree 


ment with the results given by Wert and Tyndall.' 


tC, A, Wert and EF. P. T. Tyndall, J. Appl. Phys. 20, 547 (1949 


CA2. The Elastic Constants of Indium.* |). R. Winprer 
AND CHARLES 5S. Siri, Case Institute of Technology.—The 


elastic constants of tetragonal indium have been measured by 
the ultrasonic pulse echo method. Three single crystals were 


cut so that pulses propagated in the approximate directions 
(100), (110), and [011], respectively. The nine wave velo- 
cities allow the six constants to be determined with three in- 
ternal checks. If indium is regarded as a tetragonally deformed 
fee structure the constants may be referred to axes coincident 
with the deformed cubic Preliminary 
the 


axe results are con 
the 


Ale 


longitudinal 
once ptionally 
ind are in the 
10.) /6. The 
toa strain which changes 


small tetragonality. For 
Phe 
small compared with the longitudinal constant 
> Cu > (Ci Cra) /2 > (Cir + 2Ca + Cie 


the stiffness 


sistent with 


conmstatits Ci >, shear constant 
order C 


last constant measures 


the ¢/a ratio at constant volume 
* Work ipported by the Office of Naval Research and the National 
( arbon Company 


CA3. Choice of Functional Dependence of Ordering Energy 
on Long-Range Order. Jrxomr Kornsrein, Signal Corps 
Engineering Laboratories. lf 1, is a singularity for dependence 
of long-range order S or ordering energy V on temperature, 
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there is no reason to believe an expansion of V(S) about S=0 
has any validity. We choose to expand about SS =1, where good 
behavior of V(S) is most likely. Writing V(S)=Vo—Z2Vm 
x (1—5S)", the Bragg-Williams approximation (BW) is then 
Vo=V;, other V» zero. More generally, V(O) =O if and only 
if Vow ZV». If this special assumption is not made V(S) can 
vanish for S=S,>0, Taking V=0=V(S,) at 7,, this implies a 
sharper drop in V at 7, than BW, permits discontinuous drop 
in Sat 7, (cf Cu,Au), and thus a permitted S range 0< S< S, 
for 72 7,; S=0 is preferred for 7 > 7; for statistical reasons. 
Disordered material quenched to 7 <7, then premits slightly 
more natural motivation for nucleation and growth of order 
by fluctuations in S than does V(0) =0. Several simple one and 
two parameter approximations are discussed. The natural first 
approximation near S=1 is V=Vo, which has led to good 
agreement! with resistivity relaxation data of Burns and 
Quimby? for ordered CusAu below T,. 
' J, Rothstein, Phys, Rev, 94, 1429(A) (1954), 


‘ oad Burns and 8. L. Quimby, Phys. Rev, 94, 1429(A) (1954); 97, 1567 
1955). 


CA4. Ordering Kinetics in Long-Range Ordered Cu;Au. 
A. 5. Nowick,* R. Feper, anp M. Mooney, Frankford 
Arsenal.--The change in order of an already long-range 
ordered sample, which accompanies a change in temperature 
below the critical temperature, is one of the simplest of solid- 
state reactions since it takes place homogeneously rather than 
through nucleation. Dienes' has proposed a theory for the 
kinetics of such a process, which under suitable approximations 
may be reduced to a simple second-order differential equation 
whose solutions are the hyperbolic functions first proposed by 
Rothstein.? Measurements have been made of the change in 
lattice parameter with annealing in the range 210-290°C of 
specimens originally brought to equilibrium at 370°C and then 
quenched. The kinetic curves may be fitted to Rothstein's 
equation and the rate constant a obtained as a function of 
annealing temperature. When the results of the present mea- 
surements are combined with those of Weisberg and Quimby 
(unpublished) it is found that the plot of loge vs 1/T gives an 
excellent straight line with an activation energy of 2.03 ev and 
a frequency factor of 10 ® sec, 

* Permanent address: Vale University. 


1G, J. Dienes, Acta Metallurgica 3, 549 (1955). 
2), Rothstein, Phys. Kev, 94, 1429(A) (1954), 


CAS. Ordering in Alloys of Mg and Cd by Means of Internal 
Friction. J. ENkiETTO AND C, WERt, University of Illinois.— 
Further application of internal friction methods to determin- 
ation of ordering in Mg-Cd alloys has been attempted. 
Measurements have been made for compositions from 25 atomic 
percent Mg to 50%. The minimum in the internal friction at 
25% Mg reported earlier has been confirmed ; this corresponds 
to existence of order in MgCds. The internal friction increases 
from 25% Mg toa maximum at 30%, where it dips sharply to 
a minimum at 31% Mg. After another sharp rise to a maximum 
at 33% Mg, there is a slow decrease to zero at the ideal ordering 
composition MgCd. Except for the minimum at 31% Mg, the 
data can be explained on the basis of facts already known 
about this alloy system. The region about 31% has been long 
in dispute; the literature contains a number of claims for and 
against the existence of a compound here. The present 
measurements show that there is a strong increase in short- 
range order (or perhaps even another ordered structure) at 
this point. No evidence of the presence of oxides was observed, 
nor did the samples oxidize readily at room temperature as 
has been reported for these alloys. 


CAO. Internal Friction in Fe-Al Alloys.* 1). B. Fiscunacnu, 
California Institute of Technology.—I\nternal friction measure- 
ments have been made on 0.045 in. diam cast wires of nominal 
composition Fe—8 wt percent Al. Measurements were made 
over the range from 20° to 800°C in a He atmosphere with an 
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enclosed torsion pendulum apparatus. A longitudinal magnetic 
field of ~500 oe could be applied to the specimen. The damp- 
ing spectrum of this alloy is dominated by magnetic contri- 
butions, both amplitudé dependent and independent. The 
magnetic damping, measured at constant amplitude, goes 
through a minimum near 450°C, then rises to a broad peak 
near 600°C before vanishing at the Curie point (~725°C). 
Both magnetic contributions disappear in a magnetic field. 
The amplitude dependent component varies linearly with 
maximum surface strain amplitude, e, at least for 2.7< e< 13 
10%, and is therefore attributed to magnetoelastic static 
hysteresis. Measurements in a magnetic field reveal a non- 
magnetic peak, located at 545°C at a frequency of 1.2 cps. This 
peak is amplitude-independent and of correct width for a single 
relaxation time anelastic peak. The 
~58 000 cal/mole and the relaxation strength 
This peak is believed to be due to stress-induced ordering 
grain boundary peak is located above 800°C. 


activation energy is 
~1.15K10°? 
The 


* Supported by Department of the Army, Ordnance Corps 


CA7. Extent of the Austenite-Martensite Transformation 
in Pure Iron-Carbon Alloys. 1). P. KoistiIneN and R. E. 
MARBURGER, General Motors Corporation (introduced by 
G. M. Rassweiler).—-Upon quenching a solid solution of car- 
bon in gamma iron (austenite) to temperatures lower than a 
certain temperature M, (which is known to bea function of the 
amount of carbon dissolved) a diffusionless nonequilibrium 
transformation of the face-centered cubic phase to a meta- 
stable body-centered tetragonal phase (martensite) occurs 
Quantitative x-ray diffraction data will be presented which 
establish a new general equation for the fraction of austenite 
remaining untransformed at any temperature 7, below M, in 
pure iron-carbon alloys in the range from 0.4 to 1.2% carbon 
This equation V,=exp[—(1.13K10%)(M,—T,)), 7, <M, 
(where V, represents the untransformed fraction of the 
gamma phase) is similar to an equation proposed by earlier 
investigators in that it is a function of M, and Ty, only. In 
addition to being somewhat simpler, however, this new equa- 
tion prescribes that at any temperature below .V/,, a constant 
fraction of the remaining gamma phase is transformed per 
unit decrement in temperature. The implications of this result 
will be discussed. Additional data will be presented which 
demonstrate the applicability of this equation to steels con- 
taining other alloying elements besides carbon. 


CA8. Precipitation of C in @ Iron. 1). Krerer and C, 
Wert, University of Illinois.—-The solubility of C in @ iron in 
equilibrium with cementite has been established previously by 
both chemical analysis and internal friction techniques. The 
latter method depends on the fact that the internal friction is 
proportional to the amount of dissolved C present; the inter- 
nal friction will therefore stabilize itself at a level proportional 
to the solubility of C at the temperature at which the specimen 
is held. In the past it has been common to approach this 
equilibrium from the “high” side; i.e., from an excess of dis- 
solved C. This method has the defect that a long time is re- 
quired for equilibrium to be reached and one never knows that 
true equilibrium has been reached. The present experiment 
reports an attempt to remedy this; equilibrium is approached 
from both sides. Measurements where equilibrium was ap- 
proached from the high side agree with those reported earlier 
In measurements from the low side an unexpected event was 
seen; instead of a smooth rise from below to the equilibrium 
value, overshooting occurred. After overshooting, the internal 
friction decreased to the proper value. The overshooting is 
thought to be reversion; the redissolving of particles of pre- 
cipitate too small to be stable at the holding tempearture. 


CA9. Kinetics of Vacancy Precipitation in a Ag-Zn Alloy.* 
A. E. Roswettt ano A. S. Nowirck, Yale University.—By 
means of anelastic relaxation measurements it is possible to 
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observe the rate at which vacancies, quenched into a Ag-Zn 
solid solution from 400°C, anneal out at relatively low 
temperatures.! The kinetics of the early stage of vacancy 
precipitation are observed to follow a yeneral law of the form 
w=1—exp(—at”), where w is the fraction of vacancies pre- 
cipitated and m is called the “growth exponent.”’ When the 
alloy is well annealed before quenching-in of the vacancies it 
is found that m=2. This growth exponent is interpreted to 
mean that vacancies condense into disks with radius increasing 
proportionally to the time and with a constant thickness 
(presumably one atom spac ing) When the alloy is ( old-worked 
(by 1 to 5%) either before or after quenching, the data may be 
fitted with a growth exponent of 2/3. This value is character- 
istic of point defects migrating to dislocations under an inter- 
action energy which varies as the inverse first power of the 
distance.* The dislocation density calculated from the present 
data for a sample cold-worked 5% is close to 10"/em?, 
* Work supported by the ¢ Mice of Ordnance Research 


t Now at the Brookhaven National Laboratory 
Roswell and A. S. Nowick, J]. Metals 5, 1259 (19534), 


1A. E 
7A. H. Cottrell and B. A. Bilby, Proc. Phys. So« London) A62, 49 
(1949), 


CA10. Anisotropy of the Anelastic Relaxation Strength in 
Silver-Zinc Solid Solutions.* 1). i’. Seraruim aNnp A, S., 
Nowick, Yale University.The dependence of the magnitude 
of the internal friction peak in single crystals of Ag-Zn alloys 
on orientation was studied both in flexural and in torsional 
vibration. The alloys ranged in composition from 25 to 27 
atomic percent Zn. The formal theory of this phenomenon! pre- 
dicts a straight line when the product of relaxation strength 
and the appropriate elastic constant is plotted against the 
orientation function @ =a;2a2 +aa"-+a2a2 where the 
are direction cosines of the specimen axis with respect to the 
cubic axes. The present experiments confirm this relation. If 
we define R as the ratio of peak height in the (111) to that in 
the (100) orientation, the results show that R& is approximately 
6.0 in torsion and 0.16 in flexure for this alloy. This result is 
in disagreement with the ratio 1.7 predicted by LeClaire and 
Lomer?® for torsion from their theory of stress-induced local 
ordering, and implies that this theory must be modified 


as 


* Work supported by the Office of Ordnance Research 

1C, Zener, Elasticity and Anelasticaty of Metals (Universit 
Press, Chicago, 1948), p. 57 

2A. D. LeClaire and W. M 


of Chicago 


Lomer, Acta Metallurgica 2, 731 (1954 


CAI11. Precipitated Phases and Their Distribution in an 
Al-Si-Cd Alloy. R. EF. MarsurGrer anp A. W. ScHLUCHTER, 
General Motors Corporation (introduced by G. M. Rass- 
weiler).—-The composition and distribution of the precipitated 
phases in an Al-4% Si 1% Cd alloy as a function of thermal 
history have been studied utilizing x-ray and electron dif 
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fraction and electron microscopy. Thin silicon crystallites 
less than 1 micron in size are detected in aluminum-oxide 
replicas and carbon-extraction' replicas of specimens tempered 
above 400°F and have been identified by “selected-area”™ 
electron diffraction. In carbon extraction replicas, the silicon 
remaining undissolved after solution treatment at 1000°F 
can be easily distinguished from that precipitated upon tem- 
The amount of silicon observed to dissolve and re 


pering. 
The extent 


precipitate is in agreement with equilibrium data 
of precipitation as a function of thermal history has been 
established and followed by quantitative measurements of 
x-ray diffraction line intensities on the series of samples 
studied. The cadmium phase has been detected and identitied 
by electron metallographic comparison of aluminum-cadmium, 
aluminum-silicon, and aluminum-silicon-cadmium alloys. The 
amount of the precipitated silicon phase of a specilic type in 
the ternary alloy can be correlated with mechanical per- 
formance of the alloy. 


1R, M, Fisher, “Electron microstructure by ‘extraction replica’ tech 


nique,” ASTM Publication No, 155 


CA12. Diffusion in Silver-Cadmium and Silver-Indium 
Alloys. A. H. Scuorn, University of IMinois._-Tracer diffusion 
measurements have been made for each component of the 
binary alloys silver-cadmium and silver-indium, throughout 
the range of the silver-rich primary solid solutions. Three 
different compositions were studied for each of the two sys 
tems, over a range of temperature between 450°C and 950°C 
The diffusion coeflicients were all observed to increase with 
increasing solute composition, with a corresponding mono 
tonic decrease in the activation energies. The composition 
dependence of the dillusion coefficients is compared with 
extrapolations of present theory, particularly with respect to 
size effect, relative valence, and melting point 


CA13. Impurity Diffusion in Copper.* ©. 1. TomizeKa, 
Unwersity of Chicago. (un order to study the effect of the 
atomic size of diffusing elements on the impurity dillusion rate’ 
diffusion of silver and gold in single crystals of copper was 
measured, While gold atoms expand the copper lattice approxi 
mately 30% more effectively than silver atoms do, the diffusion 
rate of silver in copper was found to be 4 times faster than that 
of gold. The results can be expressed as D = 0.69 exp(—49 700 
RT) cm?*/sec and D =0.23 exp(— 44 000/RT) cm*/sec for the 
diffusion in copper of gold and of silver, respectively, Pre 
liminary results on the diffusion of electropositive elements in 
copper will be reported 


The earlier part of this work 


* Supported in part by the U.S, Air Fores 
supported in part by 


carried out at the University of Mlinois and was 
S. Atomic Energy Commission 


was 
thet 





THURSDAY MORNING AT 9:30 


Physical Sciences, Room A-1 


(A. M. BurECHE presiding) 


High-Polymer Physics, I 


Invited Paper 


D1. Volume Viscosity in Liquids. I. A. Lrrovirz, Catholic University and Naval Ordnance Labora 


tory. (45 min.) 


Contributed Papers 


D2. Glass Transition Temperatures of Copolymers. Law- 
RENCE A. Woop, National Bureau of Standards.—The glass 
transition temperature 6 of a copolymer is found to be inter- 








mediate between 6; and 6, the glass transition temperatures 
of the respective homopolymers. Gordon and Taylor! have 
derived a relation equivalent to A yc\(0—0)) +A 22(0—62) = 0, 
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where c,; and cz are the weight fractions of the constituents and 
A, and A; are constants. The present work describes methods 
for determining the validity of the equation. No instance has 
been found where this form of relation systematically fails to 
represent the available data. The value of k = A2/A, obtained, 
however, is usually appreciably lower than the ratio of the 
differences of volume-tem perature coefficients above and below 
the glass transition for each of the homopolymers, as required 
in the derivation. Fox and Mandelkern from free volume con- 
siderations have derived the same equation with the coefficient 
k having a different physical significance. Published data 
yield values of K =k0,/0, as low as 0.56 (vinylidene fluoride- 
chlorotrifluoroethylene copolymer) and as high as 1.8 (ethylene 
glycol monomethacrylate monoisobutyrate-methyl metha- 
crylate copolymer). Values between 0.8 and 1.2 are common in 
acrylate copolymers and values near 1.0 are obtained for 
several systems, including the butadiene-styrene copolymers. 


' Gordon and Taylor, J. Appl. Chem, 2, 493 (1952). 


D3. Nature of the Glass Transition. KE. A. D1 Marzio 
AND J. Hl. Ginus, American Viscose Corporation.—The 
thermodynamic properties of a bulk phase of semiflexible 
polymeric chains are obtained by consideration of a canonical 
ensemble of such phases, in vacuo, in which the chains of each 
phase are assumed to fit on a lattice.’ The mean number of 
vacant sites is determined as a function of intermolecular 
energy and temperature. Each molecular chain conformation, 
1, is assigned an energy Ey. A second-order transition is pre- 
dicted and is tentatively related to the glass transition.? As 
special cases, polymeric chains whose flex energies are deter- 
mined by (1) nearest intramolecular neighbors! and (2) both 
nearest and next nearest intramolecular neighbors are dis- 
cussed, The calculated dependences of glass temperature on 
molecular weight and specific heat and thermal expansion 
coefficient on temperature are in reasonably good agreement 
with experimental results even for case (1). Allowance for the 
influence of chain conformation on intramolecular vibrational 
eigenstates considerably improves this agreement. Copolymers 
of various types, polymer-polymer solutions, and polymer- 
monomer solutions are also discussed. 


‘Pp. J. Flory, Proc. Roy. Soc. (London) A234, 60 (1956), 
1J. H. Gibbs, J. Chem. Phys. 25, 185 (1956), 


D4. Diffusion in Ethylene Polymers. Desorption Kinetics 
for a Thin Slab. 1D). W. McCatu, Bell Telephone Laboratories. 

Theory and experiments are described for the determination 
of diffusion coefficients of liquids in solids from desorption 
data, Experimentally the desorption is followed by weighing 
the solid specimens. The mathematical process of extracting 
diffusion coefficients from desorption data is examined and a 
numerical procedure is described which may be employed in 
systems in which the diffusion coefficient is concentration 
dependent. Data and analysis are presented for the diffusion 
of benzene and n-hexane in two ethylene polymers. The two 
polymers are representative of highly branched high pressure 
material and low pressure highly crystalline material. A dis- 
cussion of the molecular significance of the results is given. 
the desorption curves obtained by numerical analysis are 
applicable to other systems which exhibit a similar dependence 
of the diffusion coethicient upon concentration. 


DS. Simple Technique for Measuring the Roughness and 
Hardness of Plastics. A. J. G. ALLAN, du Pont Experimental 
Station.The profile of the contact area produced when a 
glass lens is pressed on to a soft plastic is a convenient way to 
study the surface roughness. Analogous to the taper sectioning 
of metals, the technique is more convenient for soft plastic 
materials and is easily adapted to the measurement of hard- 
ness. Application of this compression profile technique to a 
study of roughness of polyethylene film shows that the ex- 
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tremes of optical defect are probably due to two types of 
roughness. Haze or lack of contrast is caused by a fine, high 
angle roughness while object distortion is caused by an ex- 
tremely broad, shallow undulation frequently less than 0.1° 
angle. The relative proportions of each roughness determine 
the “clarity” of the film. 


D6. Optical Studies of Crazed Plastics Surfaces. SaANrorD 
B. NEWMAN AND IrvIN WoLockx.—Optical studies were made 
of crazed plastics surfaces, principally those of cast poly- 
methyl methacrylate. The techniques used for these studies 
were multiple-beam interferometry and light and electron 
microscopy. The dimensions of the craze cracks produced by 
short-time stress crazing and by stress-solvent crazing were 
determined by the above techniques. The craze cracks did not 
appear to approach dimensions unresolvable by the electron 
microscope, but instead appeared to have a minimum crack 
length. An elevation of the surface in the vicinity of a craze 
cracks was observed. Some crazed specimens in which the 
crazing had apparently “recovered’’ when viewed with the 
unaided eye still exhibited the surface displacement typical of 
crazed specimens. Flow lines were observed in some crazed 
specimens of polymethyl methacrylate, emanating from the 
ends of craze cracks. 


D7. Mechanical Behavior of Plastics. |. J. Grunirrst,* 
E. M. YounG, Jr., AND WaLTER Koocu, Rohm and Haas 
Company.—The applicability of Nutting's equation to the 
mechanical behavior of soft plasticized polyvinyl 
chloride preparations noted by Dyson in creep experiments is 
further demonstrated by force-length measurements at con- 
stant rate of strain. This suggests new criteria for the charac- 
terization of soft plasticized PVC. For example, in a stretching 
experiment in which the sample is subjected to a strain (.—1) 
which increases linearly with time (¢) at the rate (R), the 
definition of ‘modulus’ as the limit at small strains of the 
ratio of the force (F) to the strain is clearly inappropriate 
That is, when 


some 


L-1=GF*", 


lim F ae | 
L Par & ) (L—1) RrimGiim. 


m 


3 


which may be zero or infinite and also depends on the strain 
rate. Some even more general force-length-time relationships 
for plastic are discussed which have been found useful for 
predicting the conditions of tensile failure. More complicated 
relationships of particular interest provide for the possibility 
of force-time superposition of creep curves. Published creep 
data are considered from this point of view. 


* Present address: General Electric Company, Philadelphia 


D8. High Speed Stress-Strain Machine. R. 1). SPANGLER, 
E. I. du Pont de Nemours and Company.—A machine has been 
designed and built to test plastics at a very high rate of strain- 
ing. While a rate of straining of 120 000 %/sec is achieved, im- 
pact loading is avoided by a damping system which constrains 
the machine to rise exponentially to a constant velocity. The 
machine is pneumatically driven and has adequate energy so 
that it does not slow down due to sample loading. Force is 
measured by a piezoelectric gauge and recorded on a Polaroid 
Camera. Fracture phenomena are studied with the aid of a 
rotating mirror camera. 


D9. Tensile Properties of Plastics and Their Dependence 
on the Rate of Strain. W. Witrriep Branpr anv R. D 
SPANGLER, du Pont Experimental Station.—Tensile strengths 
and ultimate elongations at high rates of strain have been 
obtained for a number of commercial and experimental high 
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polymers. The behavior at high rates of strain (ca 710° 
%/min) was contrasted with behavior at low rates (down to 
3%/min). In general the high rate tensile properties are found 
to be quite different from those obtained at lew rates of strain. 
The correlations of tensile strengths and ultimate elongations 
with other physical properties are discussed and possible ex- 
tensions are indicated. 


D10. Morphology of Fractures in Polymethyl Methacrylate. 
W. F. Busse, E. J. du Pont de Nemours and Company, Inc., 
AND E. OROWAN AND J. E. Netmark, M17T.—The catastrophic 
failure of rigid high polymers by fracture under tensile stresses 
leads to the development of characteristic patterns in the 
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fracture surfaces. We know these patterns vary with the speed 
of crack travel, but we do not know much about the mech- 
anisms by which the different types of patterns are formed 
Measurements of the speed of crack propagation in large 
(2-{t wide X6-ft long) samples of polymethyl methacrylate by 
two of the authors (E. Orowan and J. &. Niemark) gave some 
unusual examples of fracture surfaces. Because the speed of 
crack travel increased slowly in these samples, the different 
types of fracture patterns were well separated and some new 
effects were observed, including several orders of spectral 
colors when the surface was viewed by reflected light. Photo 
graphs of these patterns will be shown and possible mechanisms 
of their formation will be discussed. 





THURSDAY AFTERNOON AT 2:00 


Physical Sciences, Room A-1 


(C.F. HAMMER presiding) 


High-Polymer Physics, II 


Invited Paper 


El. The Nuclear Magnetic Resonance of Polymers. R. L. 


(30 min.) 


MILLER, Monsanto Chemical Company 


Contributed Papers 


E2. Molecular Motion in Polyethylene. WW. IP. SticuTEerR 
AND D. W. McCatt, Bell Telephone Laboratories. Molecular 
motion has been studied in a highly-branched polyethylene, 
DOYNK, and in a linear polyethylene, Marlex 50. The studies 
involved the use of nuclear magnetic resonance spectroscopy 
over a temperature range of 80°K to 410°K. It is shown that 
crystallinity in the linear polyethylene persists to within a 
few degrees of the ‘melting point’’ of the gross polymer, and 
that chain torsion within the crystallites is comparatively 
restricted until shortly below this temperature. On the other 
hand, chain torsion within the erystallites of the branched 
polyethylene is much freer, presumably due to the presence of 
lattice defects, conceivably from the incorporation of branch 
points into the crystallites. Crystallinity in the branched poly- 
ethylene disappears at much lower temperatures than in the 
linear polymer. There is considerable motion of chain segments 
within the amorphous regions of both polyethylenes although 
at a given temperature the linear polymer exhibits more con- 
straint than does the branched polymer 
portions of both polymers possess attributes of a viscous liquid, 
even at temperatures well below the melting point of the gross 
material. Activation energies and frequency factors for the 
motions of chain segments in the amorphous portions have 


The amor phous 


been computed. 


E3. Nuclear Magnetic Resonance and Crystallinity in 
Polyethylene and Nylon. N. Fuscuitto and J. A. Saver, 
The Pennsylvania State University.—Nuclear magnetic reson 
ance lines have been obtained in samples of polyethylene 
and nylon over a broad temperature range. Over much of this 
range it is possible to resolve (somewhat arbitrarily) the ob 
served complex line shape into a broad-line component and a 
narrow line component. Using the method suggested by Wilson 
and Pake, one can then estimate the crystallinity content. The 
estimated ‘NMR crystallinity” is found to differ considerably, 
over most of the temperature range, from values determined 
by x-ray methods. It is suggested that rather than provide an 
accurate estimate of crystallinity content, the proposed pro- 


cedure gives a useful index of the high frequency rigidity of 
the sample. Measurements made on irradiated polymers 
confirm these observations. For example a high index of 
rigidity is still found, because of the restrictive effect oi 
numerous cross links, even at irradiation doses known to 
reduce the crystallinity content almost to zero. 


E4. Dynamic Mechanical Properties of Poly-n-hexyl 
Methacrylate.* Wittiam C. Cuiip, Jr, AND JouNn 1D). Ferry, 
University of Wisconsin.-Values of complex shear com- 


plianee (J'—iJ") have been obtained for a fraction of poly 
n-hexyl methacrylate of weight-average molecular weight 
4.19 10°, prepared by Picatinny Arsenal, at 23 temperatures 
from 5° to 125°C and at frequencies between 15 and 2400 cps, 
with the Fitzgerald transducer apparatus. The range of J’ 
was from 1.33K10°° to 3.110 ” cm?*/dyne, covering the 
transition from rubber-like to glass-like When 
reduced to 100° by the method of reduced variables, all data 
superpose to form single composite curves for J’ a 
except for two anomalies: a small increase in the maximum 
value of J” with increasing temperature, 
J’ values at different temperatures near the bottom of the 
dispersion region. The latter can be analyzed in terms of a 
# mechanism, attributable to side chain motions, whose tem 
perature dependence corresponds to an apparent activation 
energy of 13 kcal. The temperature dependence of the prin 
cipal, or a mechanism, follows an equation of the WLE form, 
with fy, =0.0245 and ay = 1.9K 10 deg '. The retardation and 
relaxation spectra are similar in shape to those of poly-n- 
butyl methacrylate. The logarithm of the monomeric friction 


consistency 
and 


and a separation of 


coefficient is —§.24 at 100°C and 2.60 at the glass transition 
temperature 
* Supported by the Ordnance Corps, Department of the Arm 


ES. Dynamic Mechanical Properties of Poly-n-octy! Metha- 
crylate.* Walter DANNHAUSER, WILLIAM CC, Cuitp, JR, 
AND Joun D. Ferry, University of Wisconsin. Values of 
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complex shear compliance (J’~iJ”) have been obtained for a 
fraction of poly-n-octyl methacrylate of weight-average 
molecular weight 3.62 10%, prepared by Picatinny Arsenal, 
at 24 temperatures from —14° to 130°C and at frequencies 
between 15 and 2400 cps, with the Fitzgerald transducer ap- 
paratus. The range of J’ was from 2.66K10* to 3.1107" 
em*/dyne, covering the transition from rubber-like to glass- 
like consistency. When reduced to 100° by the method of re- 
duced variables, all data superpose to form single composite 
curves for J’ and J", except for an anomaly in J” at high re- 
duced frequencies; a minimum appear which shifts to higher 
reduced frequency with decreasing temperature. This is 
probably caused by a # mechanism whose temperature de- 
pendence is less than that of the principal or a mechanism. The 
latter follows an equation of the WLE form. The retardation 
and relaxation spectra resemble in shape those for ether 
methacrylate polymers. The heights of the maxima in these 
two spectra increase and decrease, respectively, with in- 
creasing length of the polymer side chains 


* Supported by the Ordnance Corps, Department of the Army, and Esso 
Research and Engineering Company 


E6. Dynamic Mechanical Properties of a Cellulose Nitrate 
Gel.* I). J. PLazek AND Joun 1). Ferry, University of Wis- 
consin.-Values of complex shear compliance (J’~iJ”) have 
been obtained for a 23% solution in diethyl phthalate of a 
sample of cellulose nitrate containing 12.6% nitrogen, in- 
trinsic viscosity 3.70 dl/g. The temperature and frequency 
ranges were —47° to 35°C and 10 to 2800 eps, respectively 
Below 5° the system was a gel, presumably cross-linked by 
crystallites. The extremes of J’ were 2.4106 and 9.810! 
em?®/dyne, spanning most of the transition from rubber-like 
to glass-like consistency. Above the gel temperature, J’ and J” 
could be superposed to form single composite curves by the 
method of reduced variables, with shift factors a7 calculated 
from an equation of the WLF form. Below the gel temperature, 
there were small deviations corresponding to a progressive 
change in the retardation spectrum ZL with decreasing tempera- 
ture, attributable to increased cross-linking. The maximum in 
L, determined above the gel temperature, is about 31077 
em*/dyne and is unusually broad. 


* Supported by the Office of Naval Research and Allegany Ballistics 
Laboratory. 


E7. Effect of Irradiation on the Dynamic Mechanical 
Properties of Nylon. C. W. Dreirey, A. E. Woopwakp, AND 
J. A. Saver, The Pennsylvania State University. —Measure- 
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ments of elastic modulus and mechanical loss at audio-fre- 
quencies have been obtained on irradiated and nonirradiated 
specimens of polyhexamethylene adipamide over a broad tem- 
perature range extending from 80°K to 600°K. The irradia- 
tions were carried out at the Brookhaven and Penn State 
Reactors. The internal friction spectrum of unirradiated nylon 
6-6 contains at least four peaks corresponding to different 
mechanisms being invoked as the temperature is raised. Upon 
irradiation doses from 0.310" nvt to 5.510'* nvt, signi- 
ficant changes in the dispersion regions occur. At tempera- 
tures above the main softening region, an increase in modulus 
with temperature is found. This is evidence of rubber-like 
behavior and is accounted for by the introduction of cross-links 
resulting from ionization and free radical formation produced 
by the irradiation. At high irradiation doses the percent cross- 
linking appears to become independent of dose. The various 
effects found are discussed in terms of molecular forces and 
mobility of chain segments 


E8. Mechanical Resonance Dispersion in Polymers at 
Audio-Frequencies. knwin R. FitzGeratp, Pennsylvania 
State University.—A new type of mechanical dispersion has 
been discovered in polytetrafluoroethylene and other crystal- 
line polymers. Values of the imaginary part of the complex 
shear compliance (J) are found to have sharply defined 
maxima at certain frequencies in the range from 25 to 5000 
cps; values of the real part of the complex shear compliance 
(J’) rise to a maximum and then pass through a minimum as a 
narrow (50 to 100 cps wide) dispersion region is traversed in 
the direction of increasing frequency. The shapes of the com- 
plex compliance vs frequency curves are thus similar to those 
found for the variation of the complex index of refraction with 
frequency (in absorption bands) at infrared and optical fre- 
quencies. The results indicate the presence of a dispersion 
mechanism different from those giving rise to the usual re- 
laxation dispersion observed in connection with the mechanical 
properties of polymers. The magnitudes of the mechanical loss 
maxima and the frequencies at which the effect is observed 
depend on the static stress history and state of the sample 
material. This leads to speculation that stressed amorphous 
regions or other internal stress concentrations may be im- 
portant in producing this type of dispersion. At present, how- 
ever, there is no satisfactory explanation for these phenomena 
Measurements of the complex shear compliance were made as 
temperature, and frequency 
method of Fitzgerald 


a function of normal static stress, 
using the electromagnetic transducer 


and Ferry 
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THURSDAY AFTERNOON AT 2:00 


Irvine Auditorium 


(I. N. ADAMs presiding) 


DSSP Symposium on High Magnetic Field Effects in Metals and Semiconductors 


Fl. Magneto-Oscillatory Effects in Metals. M. C. Stevie, RCA Laboratories. (30 min.) 
F2. Hall Effect in Very, Strong|Magnetic Fields. J. A. Swanson, /BM Research Laboratory. (20 


min.) 


F3. Cyclotron-Resonance Experiments on Metallic Bismuth and Graphite. |. Kk 


Telephone Laboratories. (30 min.) 


F4. Infrared Cyclotron Resonance in Semiconductors and Semimetals. Rk. | 


Laboratory, (20 min.) 


FS. Interband Magneto-Optic (IMO) Effects in Semiconductors. 


Research Laboratory, (20 min.) 


(SALT, Bell 
Keves, Lincoln 


Burstein, U. S. Naval 




















SESSION G 


THURSDAY AFTERNOON AT 2:00 


Museum Auditorium 


(P. W. ANDERSON presiding) 


Structure of Ferroelectric and Magnetic Materials; Magnetic Resonance 


Gl. Study of the Second-Order Ferroelectric Transition in 
Glycine Sulfate. So. Triewwasser, JBM Watson Laboratory. 

Dielectric constant, nonlinearity, and spontaneous polariza- 
tion measurements have been taken on the recently reported 
ferroelectric glycine sulfate.' This material exhibits the classic 
second order type of ferroelectric transition.2? The properties 
discussed are described in terms of the usual expansion of the 


free energy in even powers of the polarization, 
F=A(T—T))P?+BP*+CP*, (1) 


where A=1.96XK10™* (°C), 7, =49.8°C, B=2.3xK10 
(esu/em*) * and C=6.3K10-" (esu/em?)*. A and 7» are 
found from measurements of the small signal dielectric con 
stant in the paralectric region above To. B and C are derived 
from observations of the spontaneous pol nization asa tunction 
7». The value of B was measured in 
dielectric 


of temperature below 
dependently by observations of the 
electric field biased crystals’ above the Curie point 


results for B agree well within experimental accuracy (10%) 


constant ol 
The two 


1 Matthias, Miller, and Remeika, Phys. Rev. 104, 849 (1956). Single 
crystals used for this work were kindly furnished by Bell Telephone Lab 
oratories 

2 See, for example, A, F 

* For details of the meth 
Rev. 98, 1010 (1955 


Devonshire, Advances in Phys. 3, 85 (1954 
1 see Drougard, Landauer, and Young, Phys 


G2. X-Ray and Neutron Structure Analysis of Ferroelectric 
Rhombohedral Pb (Zr Ti, o:)O, at Room Temperature.* 
F. UNTERLEITNER, G. SHIRANE,T F. Jona, AND R. PrePinsky, 
The Pennsylvania State l'niversity and Brookhaven National 
Laboratory..-TVhe solid solution Pb(Zro 75, Tio s)Os is ferro 
electric and rhombohedral at room temperature,’ and is cubic 
(perovskite) at higher temperature. No ferroelectric rhombo 
hedral structure had been completely established heretofore 
A powder x-ray analysis established heavy atom positions in 
this rhombohedral phase ; 
from a neutron powder pattern. The space group is R3m, with 
cell constants a =4.11 A, a@=89°41". Atomis 
Pb at (6,4,6), with 6=0.575; (Zr, Ti) at (e,¢,6) with «=0.040; 
0 at (7,0,0), (0,7,0), (0,0,5) 0.520. The oxygen 
octahedra surrounding the (Zr, Ti) atoms are only slightly 
distorted, and atomic displacements are of the same order as 


oxygen positions were determined 
coordinates are 


with 4 


in tetragonal ferroelectric PH TiO 


* Research supported b r Force Office of Scientific Research, Signal 
Corps Engineering Laboratories, and t \tomic knergy Commission 
t On leave of absence from The Pennsylvania State Unive t 
1B, Sawaguchi, Jr., Ph Soc, J in B, 615 (1953 
shirane, Pepinsk and brazet ta Cryst. 9, 151 (1956 


G3. Neutron Diffraction Study of Magnetic Ordering in 
Er,O;. M. K. Witkinson, W, C. Kornter, E. O. WoLLan, 
AND J. W. Casie, Oak Ridge National Laboratory.—-Previous 
neutron scattering investigations! of EreO,y have shown that 
at sample temperatures from 295°K to 20°K paramagnetic 
diffuse scattering exists which arises from a magnetic moment 
corresponding to that of the free trivalent erbium ion 
tron diffraction data obtained at temperatures in the 
pumped liquid helium range show that 
ordering of the erbium ions occurs at about 4°K 


Neu- 
now 
antilerromag netic 
These 


cau be indexed on the basis of a mag- 


anti 
ferromagnetic reflection 


in which there are equal numbers of parallel 


netic structure 
and antiparallel magnetic moments among the nearest 
neighbors about a given ion and two-thirds of the next- 


nearest neighbors are antiparallel. If the face-centered cubic 











lattice of erbium ions is subdivided into four interpenetrating 
simple cubic lattices, this antiferromagnetic structure is one 
in which each of the four sublattices has an antiferromagnetic 
of a C-type contiguration” The 
the antiferro 


arrangement characteristic 


temperature dependence of the intensities of 
magnetic réflections and the magnitude of the diffuse scatter 
ing suggests that not all the erbium ions are involved in the 
ordering process. 

902, 1480 (19545 

100, 545 (1955 


©. Wollan, Phys. Rey 
Koehler, Phys. Kev 


iW. C. Koehler and | 
7. O, Wollan and W, ¢ 


G4. Neutron Diffraction Study of Magnetic Ordering in 
Ho,O,. W. C. Koruter, FE. O. Wotan, M. K. WIitLkINson, 
and J. W. Capir, Oak Ridge National Laboratory. Neutron 
diffraction studies of HovQOy have been made at temperatures 
ranging from 4.2°K to 1.25°K and in applied telds extending 
to 16.3 kilo-oersteds. A complex series of magnetic ordering 
transitions, apparently field induced has been observed. From 
$.2°K to 24°K the diffraction patterns exhibit 
broad diffuse maxima characteristic of 
ferromagnetic ordering. At 1&8°K 
flections appear which are only slightly more intense at 1.25°hK 
At 4.2°K, coherent (110), (112), (410), and (312) reflections 
are observed to grow in almost uniformly with applied theld 


zero teld 
short range anti 


very weak coherent re 


it broad maximum centered between 
Above 1.4°K no reflections of 
found for any tield 


but there still remains 
the (111) and (200) reflections 

the type (100), (120), ete. are 
below this temperature reflections of this type occur for tields 
maller than 10.0 kilo-oersteds. At 1.25 16.4 kilo 
oersteds the observed reflections are of the type (200), (220), 
etc. and (110), (112), ete. A tentative interpretation of these 
results relative to the general problem of magnetic ordering 
on face centered cubic lattices will be described. The 
the HooOs by Dr. Fo TL. Spedding is gratefully acknowledged 


value; 


and at 


loan of 


G5. Temperature Variation of Magnetic Component in 
Neutron Diffraction of Magnetite.* |. Jixzikt ann | 
Riste,} Brookhaven National Laboratory (introduced by G. J 


Dienes) lhe behavior of some reflections of natural mag 
netite single crystals was studied in the range from room tem 
perature to about 700°C! The single crystal mounted on a 


goniometer head was enclosed in a quartz tube surrounded by 
a Nichrome 
were seanned for eac h ftemiyp. rature 

t checked for extinction, which was 
of the (220) and (222) reflections which are respec 
on tetrahedral and octahedral sites 
deduced trom the 


held ® The 


and the rock my curve counter 
bach crystal used 


not found severe 


heating wire 
fixed 

was lit 
Initensitic 
tively produced by ion 
were compared with theoretical curve 


Ve molecular 


only 
Néel’s calculations based on the \ 
that there is a marked difference 
that the experimental curves litted much better 
that deduced from a simple Brillouin curve for S = 4 
conclusion holds for the (111) reflection. A similar study on 
nickel ferrite and cobalt ferrite is in progress. 


present data suggest 


can be with 


lhe same 


* Under the auspices of the U.S. Atomic Knergy Commission 
1 Kelgion American Educational Foundation fellow 

t Now at JENER, Kjeller, Norway 

ee A.W. McReynolds and T. Kiste, Phys. Rev. 95, 1161 
tL, Néel, Ann. phys. 3, 137 (1948 


1954 


G6. Theory of the Spontaneous Magnetization of a Ferro- 
magnet near Its Surface. Grorcr 1. Kapo, Naval Research 
Laboratory.—It is suggested that each frequency component 
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of the fluctuating magnetization arising from thermal spin 
waves possesses a vanishing normal derivative at the surface 
of a ferromagnetic specimen. Thus each standing spin wave 
should have an antinode at the surface. On this basis, the 
fractional deviation of the spontaneous magnetization at 
temperature 7 from its value at O0°K is calculated as a function 
of the distance, y, below the surface (y=0) of a specimen 
having a cubic lattice. If (y+A)«<(specimen dimensions) is 
assumed, the result becomes 


Ms — Mr(y) (” a wr) 
Ms Mo Bloch 


x {140001 & mw texp(—y/a%m)}. 


The quantity in braces, being the suggested correction 
factor to the Bloch 74 law, is {2} at y=0 and approximately 
{1+ (0.678A/y)} at y 22A. Here ¢(4) = 2.612 denotes the zeta 
function of 4, and A= (2gA8/M kT) represents a “charac- 
teristic length.” Additional symbols are: g=Landé factor; 
A exchange stifiness; 6@=Bohr magneton; k = Boltzmann's 
constant. Possible extensions and applications of the above 
result (e.g., to spin wave resonance) are being investigated. 


G7. Modified Ferromagnetic Dynamical Equation.* Hrr- 
BERT B. CALLEN, University of Pennsylvania.-Conservation 
of the magnetization in a single domain ferromagnet subject 
to an applied field requires that 


dM /dt=~M XH —\M x (M XH), 
where y and dA are arbitrary functions of H. Landau and 
Lifschitz proposed that, in the absence of further knowledge, 
vy and A tentatively be assumed constant. The resulting dynam- 
ical equation is the basis of most current theories of rotational 
response. A simple spin-wave mechanism of the dissipative 
process suggests that the field dependence of dis such that 


dM /dt=~¥M XH ( M X(M XH). 


do ) 
MH-M-H 
This dynamical equation implies that the effective loss, and 
consequently the ferromagnetic resonant line width, varies 
inversely as the resonant frequency. Comparison with avail- 
able experimental data will be exhibited. 


* Supported by the Office of Naval Research 


G8. Shape Dependence of Ferromagnetic Dissipation.* 
Ieknest Ek. Prrrecoyi AND Herpert B. CaLLen, University of 
Pennsylvania, The spin-wave dissipative mechanism re- 
ferred to in the preceding abstract can couple the zero wave- 
vector spin wave mode to the lattice indirectly by way of other 
spin waves, as in the Clogston mechanism, or by other routes. 
In disordered alloys or ferrites the Clogston mechanism should 
play a dominant role. The loss parameter Ao then acquires a 
characteristic dependence on the sample shape. We have 
evaluated this dependence for a thin-slab geometry, assuming 
a white spectrum of the perturbative potential. The ferro- 
magnetic resonance line width is predicted to decrease with 
decreasing thickness of the slab, vanishing for zero thickness. 
Measurements of Dr. Henry Belson, on thin Permalloy films, 
will be discussed. 


* Supported by the Office of Naval Research 


G9. Ferromagnetic Resonance of Nearly Perfect Iron 
Crystals. 1). S. Roppen., General Electric Research Laboratory 

Crystals of iron containing very few imperfections may be 
grown by the reduction of FeBr.! When sufficiently small 
(ca 10% 10 4X1 mm) these whiskers possess mirror-like | 100} 
surfaces and exhibit phenomenal mechanical strength. 
Ferroresonance absorption —measuring the variation of re- 
flected power of a resonant cavity — yields for one whisker a 
AH (between maximum variations of reflected power vs 
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external magnetic field) of 28+3 oersteds at 315°C and 9 
kmeps. This appears to be the narrowest line width yet re- 
ported for metallic ferromagnets. The broadening component 
of this A/T due to exchange and conductivity is calculated? to 
be approximately 20 oe. The splitting factor (g) is 2.10+4.0.05 
being temperature and frequency independent. The exchange 
shift which accompanies the broadening is accounted for. 
At 20 kmeps the limit of error for g is +-0.02 as the anisotropy 
field is less important compared to the net field. The relation 
g-—2=2—g' appears to be obeyed confirming recent observa- 
tions.* 

1S. S. Brenner, J. Appl 

*W.S. Ament and G. T 


8G. S. Barlow and K., J. 
1052 (1956), 


Phys. 27, 1444 (1956). 
Rado, Phys. Kev. 97, 1558 (1955) 
Standley, Proc. Phys. Soc. (London) B69, 


G10. Magnetic Spectra of Manganese Ferrites. S. Rk 
PoLiack,* S. E. HarRrIsON, AND C. J. KrteSsMAN, Remington 
Rand UNIVAC.—The magnetic spectra of manganese ferrites 
of the composition Mn,,,Fe:.,0, have been measured over 
the frequency range of one to 1000 Mc (0<x<0.7). Two 
The lower 


” 


resonances are observed in the region above 100 M« 
frequency peak (peak A) demonstrates a maximum in yp 
between 150-190 Me as the manganese content is varied 
while the higher peak (B) varies between 370 and 570 M« 

As the value of x increases, the resonance frequency (v,) 
decreases. Peak (#8) can be associated with a natural spin 
resonance in the anisotropy field according to the Snoek 
formula.! 

2 & 

an M, 

If we know the magnetization (\/,), we can obtain the de- 
pendence of the anisotropy (A) on x. A theory based on the 
ionic distribution of the cations Mn** and Mn** will be pre- 
sented to explain both the calculated values of anisotropy and 
the measured values of the magnetic moment. Peak A may be 
attributed wall 
powdered samples and on solid samples in the remanent state 
will be shown to support these hypotheses. 


Vr 


to a domain resonance.?, Measurements on 


* Permanent address: University of Pennsylvania 
! J, L. Snoek, Physica 14, 207 (1948 
2G. T. Rado, Phys. Rev. 80, 273 


1950 

G11. Antiferromagnetic Resonance Using Pulsed Mag- 
netic Fields and Millimeter Wavelength Radiation.* Simon 
FONER, Lincoln Laboratory Applic ability of oscillatory 
pulsed field techniques described earlier! (capable of producing 
over 750 kilogauss) and millimeter waves to investigations of 
resonance in antiferromagneti« When 
the applied frequency is much less than the zero field splitting, 
the high field antiferromagnetic resonance mode can be ob- 
served with applied fields close to the critical field. Such high 
field resonance has been observed in single crystal Mnk 2? at 
4.2°K using 70 kmec/sec with the applied field along the ¢ axis, 
indicating a critical field at 4.2°K of 95 kilogauss 45%. These 
results are in good agreement with theoretical estimates of 


materials is discussed 


Keffer’ and extrapolations of Johnson and Nethercot's* recent 
data obtained at higher temperatures. Experiments in progress 
on MnF, as a function of temperature and orientation will 
also be presented along with a brief survey of similar experi- 
ments on single erystal CreO, * and FeF»,? polycrystalline zine 
ferrite and related materials 

* The research reported in this document was supported jointly by the 
U.S. Army, Navy, and Air Force, under contract with M.1.17 


1S. Foner and H. H. Kolm, Rev. Sei. Instr. 27, 547 (1956); Bull. Am 
Phys, Soc, Ser. II, 1, 298 (1956); Conference on Magnetism and Magnetic 
Materials, Boston (October, 1956 

® Kiadly provided by Professor J. W. Stout of the Universit { Chicago 

3. Keffer, Phys. Rev. 87, 608 (1952); F. M. Johnson and A. H. Nether 
cot, Ir., Phys. Rev. 104, 847 (1956 

* Kindly provided by Dr. T. R. McGuire of the U. S. Naval Ordnance 


Laboratory. 


G12. Ferrimagnetic Resonance in Yttrium Iron Garnet 
(YIG) Samples of Various Shapes. J. F. Ditton, Jr., Bell 
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Telephone Laboratories.Recently, ferrimagnetic resonance 
work has been reported on single crystals of yttrium iron garnet 
(YIG).! The narrow lines as well as some of the other striking 
features made it seem important to observe the resonance in 
various shapes. Thin circular disks of various 
s, and aspect ratios (0.06 is typical) were cut 


specimens of 
sizes, orientation 
from single crystals.2? These have been examined at several 
frequencies and temperatures and in a variety of microwave 
and steady tield rhe mode 
structure’ previously such with 


magnetostatic 
experiments 


contigura tions 

for 
manganese ferrite crystals was observed for the YIG samples 
However, the line width of the spatially uniform mode of 
precession shows more shape dependence than in the man- 


repor ted 


ganese ferrite case. As an example, line widths of only a few 
oersteds have been observed in disks of material which as 
sphere show line widths of about 25 oe. The relation of these 
results to the recent theoretical proposals of Clogston et al.4 
will be discussed 

' J. F. Dillon, 


105, 639 (1957) 
4 Grown by J 


Bull. Am. Phys. Soe, Ser. I], 2, 22 (1957); Phys. Re 


V. Nie n 
Bull. Am. Phys. Soc, Ser, IT, 3 


3). F. Dillon 125 (1956); L. R. Walker, 
Bull, Am. Phys. Soc. Ser. If, 3, 125 (1956) and Phys. Rev. 105, 390 (1957 
4 Clogston, Suhl, Walker, and Anderson, P! and Chem, Solids (to be 


published 


G13. Effective Gyromagnetic Ratios for Triangular Ferri- 
magnetic States. \. Eskowirz* AnD R. K. WanGsness, U.S. 
Naval Ordnance Laboratory and University of Maryland. 
Yafet and Kittel have predicted the existence of angles be 
tween the A-sublattice magnetizations as a possible state of a 
ferrimagnetic at absolute zero. Lotgering has found such states 
necessary to explain fully his magnetization values for certain 
chromium spinels. Using the molecular tield approximation 
and the semiclassical equations of motion for each sublattice 
magnetization, we have found that the triangular state can 
also be described by an effective gyromagnetic ratio This 
effective ratio depends explicitly on the ratio of the B—B 
B interaction rather than on the static 
components of the A- and B-sublattice magnetizations as for 
the antiparallel state. The effective gyromagnetic ratio fer the 
triangular state will differ the most from that for the anti- 
parallel state when the ratio of the interactions (B—B to 
A—B) is greatly different from the A- to B-magnetization 
ratio and/or the gyromagnetic ratios of the A- and B-sub- 
lattices are much different. We also find that the shift in the 
values of the gyromagnetic ratios for FeCreO,y and NiCr, 
should be experimentally observable if these spinels have a 
transition from a triangular to an antiparallel state. 


interaction to the A 


* Now with Sperry Rand Corporation 
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G14. Magnetic Resonance Saturation in Lithium at Inter- 
mediate Values of H,.* 1). F. Hotcomn, Cornell University. 
Ihe saturation behavior of the nuclear resonance in lithium 
metal has been studied at room temperature and at 77°K by 
observing the shape and amplitude of the absorption signal 
as a function of rf tield //), At 77°K, the change in shape of the 
absorption upon saturation noted previously? in other solids 
is observed. A tendency toward a Lorentzian shape from the 
unsaturated Gaussian shape is evident at values of //; 21.6 
K10 * gauss. (The unsaturated line width at half-maximum 
is-6.5+0.3 gauss.) At room temperature, previous measure 
ments have indicated that the lithium spin system follows the 
Bloch equations, with 7) # 7». However, it is found that the 
line not saturate according to the Bloch equations 
Measurements of the shape and width of the line will be 
presented and discussed. The Bloch equations must be modi 
hed along the line suggested by Redtield? for the case of very 
large /7,. Measurements of width and amplitude of the proton 
resonance absorption in FeCly-doped H,O as a function of /1; 
have been made and show that in this system, with 7) = 7, 
the Bloch equations correctly describe the saturation behavior 


does 


* Work supported in part by the Office of Naval Research 
1D. F. Abell and W. D. Knight, Phys. Rev, 93, 940 (1954) 
7A. G. Redtield, Pliys. Ke 98, 1787 (1955) 


G15. F'* Nuclear Magnetic Resonance Line Shapes in CaF». 
C. R. Bruce, Washington Uniersity.*—The theory proposed 
by Van Vleck! for the nuclear magnetic resonance dipolar 
line shapes in a crystalline solid was toa large extent contirmed 
by the Pake and Purcell? 
ments have been repeated using the same erystal that was 
used by the early investigators but using a spectrometer of 


measurements of These measure 


improved design. The new data are in better agreement with 
theory in the case of the magnetic Held along a [111] crystal 
direction and remain in good agreement for the [110] and 
[100] erystal directions. A polar plot of line width versus 
crystal orientation shows the line shape is a very sensitive 
magnetic field direction about the [111] crystal 


The comparison with theory was extended to the 


function of 
direction 

fourth moments of the line shapes for the new data without 
appreciably increasing the error arising from a loss of the 
signal at the tails of the The fourth 


moments are in good agreement with values caleulated from 


resonance in the noise 


the theory of Van Vleck using the 26 nearest neighbors 


* Supported in part by the Oth ft Naval Research and Office of Scien 
tifie Research 
H. Van Vleck, Phys. Rev, 74, 1168 (1948 
2G bk. Pake and bk. M. Purcell, Phys. Key, 74, 1184 (19448 
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Semiconductor Surface Phenomena; Whiskers 


H1. Low-Temperature Behavior of Germanium Single 
Crystal Layers.* Ciaup M. Kevierti, H. Frirzscure, anp K 
LarK-Horovitz, Purdue UL niversity.—Single crystal layers of 
germanium down to 12 microns have been prepared using 
grinding and etching techniques. A method is described for 
grinding the layers that provides a constant check of layer 
thickness during the course of grinding. Electrical measure- 
ments have been performed to determine whether thin layers 
behave like bulk material in the temperature range of liquid 
helium where impurity band conduction is important. The 
curves of resistivity and Hall coefficient as functions of recip- 
rocal temperature indicate that thin layers of VV type and 





P-type germanium behave like the bulk material in the tem 
perature range between 1.3°K and 300°K if the layers are free 
from strain. In order to avoid strains it has been found nee 

essary to use a high resistivity germanium substrate and a very 
thin layer of bonding material. Measurements of thin layers 
on glass substrates show gross deviations from bulk behavior,t 
the result of strains in the layer produced by the different 
thermal expansion coefficients of glass and germanium. Thick 
layers of bonding materials produce deviations similar to 
those observed for the glass substrate. 


* Work supported bya U.S gnal Corps contract, 
' In the temperature range of impurity band conduction 
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H2. Low-Temperature Trapping on Germanium and Silicon 
Surfaces. S. Roy Morrison, Honeywell Research Center. 
Field effect measurements on germanium and silicon at liquid 
nitrogen temperature yield nonexponential and asymmetric 
decay curves which can be interpreted as representing the 
trapping of carriers in surface recombination levels. Only if 
the disturbance (applied field) is low do the decay curves 
approach an exponential and symmetric form. With larger 
disturbances, when the field is of a sign to trap minority 
carriers the decay is abnormally slow exhibiting time constants 
equal to and larger than the low disturbance time constant. 
With a field to trap majority carriers, the time constants are 
equal to and smaller than the low disturbance value. As with 
bulk slow recombination, here also the decay is sensitive to 
temperature and illumination, apparently corresponding to 
changes in minority carrier density. Above 175°K, the decay 
rate with n-germanium (used for most of the measurements) 
is too rapid to be followed on a recorder. Below about 160°K 
in the dark, it is too slow. However, it can be arbitrarily 
accelerated by illumination or minority carrier injection. 
Agreement is found between the results on n-germanium and a 
model which assumes the surface barrier to be one of the 
dominant parameters. Assuming the model correct, the bulk 
minority carrier density can be directly measured using the 
effect. 


H3. Variation of Surface Recombination Velocity with 
Surface Potential on Silicon. B. Bernstein and C. S. Mc- 
Cartuy, Jr., Philco Corporation.—The variation of the surface 
recombination velocity with surface potential on thin single- 
crystal silicon wafers has been studied. The surface potential 
was varied by cycling wet and dry nitrogen and oxygen 
ambients over the samples. The changes of surface potential 
were determined by monitoring the wafer conductance and 
applying curves of surface conductance vs surface potential. 
The surface recombination velocity was measured by observing 
a photoconductive decay.’ The results for 17 ohm em and 25 
ohm cm p-type and for 13 ohm cm and 17 ohm cm n-type 
silicon show in most cases nearly constant surface recombina- 
tion velocity, S, over a 0.4- to 0.5-volt range of surface poten- 
tial. The values of S vary with the different samples and can 
change considerably on a given sample after a re-etch. If S 
is on a plateau symmetric about intrinsic surface potential,? 
the results are consistent with a trapping center lying within 
0.15 ev of the band edge. A corroborative experiment on the 
variation of S with temperature yields an activation energy 
of 0.076 ev. 


1D. T. Stevenson and R. J. Keyes, J. Appl. Phys. 26, 190 (1955), 
* >. T. Stevenson and RK, J. Keyes, Physica 20, 1041 (1954), 


H4. Energy Level Structure of Surface States and Values 
of the Surface Potential in Germanium and Silicon. GeorGe 
C, Dousmanis, RCA Laboratories.—Recent experiments on 
field-induced effects on the surface recombination (s) of Ge 
and Si yield direct evidence of discrete energy level structure 
of the recombination states. Theoretical expressions are 
derived which relate s to the surface potential @, and the 
properties of the surface states. Application to experiment 
yields the following information: 


Capture cross 
section ratio 


Energy (ev) 
from middle of 


Material Structure forbidden band op/on 
n-type Ge 0.3 Single level 0.34 40.92 or ~l 
to 3 ohm-cm —0.34 40,02 
mtype Ge 12 Two levels: 
to tS ohm-cm Level l 0.30 40,03 ~3 K1074 
Level 2 ~0.40 40.03 ~3 «108 


(twice as effective 
for recombination) 
Single level 0.47 40.03 or 
—0,47 40,03 


p-type Si 0.1 
ohm-cm 





SESSION H 


#, is determined from the maximum of s. In Ge @, can change 
from 0.35 v to --0.35 over the Bardeen-Brattain cycle of 
ambients. In Si values up to 0.5 v are observed. This tech- 
nique can also be used in determining the time constants and 
other properties of the slow states. 


H5. Surface Photovoltage Decay Method for Measuring 
Carrier Lifetimes in Semiconductors. EF. O. Jounson, RCA 
Laboratories (introduced by G. C The decay 
of the surface photovoltage' affords a new means for measuring 
minority carrier lifetimes in semiconductors. This has the 
outstanding advantage that no physical contacts on the 
specimen are required. The experimental arrangement con- 
sists of a pulsed light source, an Ost illoscope with a low gain 
preamplifier, and a semiconductor specimen making capacitive 
contact with two electrodes. Electrode A is semitransparent 
and detects the surface photovoltage AY generated under it 
by a light pulse. Electrode B, the circuit return, is located 
anywhere on the side or back of the specimen over a region 
where there is no increase A,, in the minority carrier density. 
If the injected carrier density near A is made low so that 
AY =1 mv, or less, then AY is a linear function of A,, and can 
be used to measure the lifetime of A,,. The results obtained by 
this new technique will be compared with those obtained from 
the conventional photoconductivity decay method. 

11, 2,66 (1957 


Dousmanis). 


1.0, Johnson, Bull. Am. Phys. Soc, Ser 


HO6. Field-Effect under Illumination. G. WaALLIs ANp S. 
Wana, Sylvania Electric Products, Incorporated.—In the con- 
ventional investigation of recombination traps on semicon- 
ductor surfaces, measurement of surface recombination veloc- 
ity v, as a function of barrier height gives information about 
the energy levels and capture probabilities of the traps. The 
method breaks down if the density or position of the traps 
changes during the measurements. A method will be described 
which is less sensitive to these changes. A small signal ac 
field is applied to a steadily illuminated filament suriace 
(field-effect under illumination). The resulting changes in 
filament conductance consist of changes in surface conductance 
(dark field-effect) and photoconductance, AG,, the latter 
resulting from the field-induced changes in v,. A plot of AG; 
Gy, versus barrier height gives information about trap levels 
and capture probabilities. In the presence of a single dominant 
trap, AG,/G_, is independent of trap density, provided surface 
recombination predominates over bulk recombination 
complicated case, the AG,/G, plot can differentiate between 
various possible interpretations of a v, plot, e.g 
tion based on a single trap with trap density or energy as- 
sumed to be a function of barrier height or an interpretation 


In a 


an interpreta- 


which takes these quantities to be constants but assumes two 
sets of traps. 


H7. Investigation of Recombination Process on Germanium 
Surfaces. S. WANG AND G. WALLIS, Sylvania Electric Products, 
Incorporated. Surface field-effect 
under illumination, and the dark field-effect were measured 
as a function of barrier height on germanium slabs exposed to 
the Brattain-Bardeen ambient cycle. The barrier height was 
obtained by measuring the sample de conductance. Results 
on a 35 ohm-cm, n-type and on a 23 ohm-cm, p-type sample 
will be discussed. Over a range of barrier height 
either side of the intrinsic surface, the surface recombination 
process was predominantly controlled by traps having a ratio 
of hole to electron capture probability of 9 and energy levels 
E,— EF; =0.097 and 0.041 ev. These trap energies also fit 
the dark field-effect data. A case will be presented where the 
trap density was changing during the ambient cycle and 
another where, as the surface became very n-type, the effect 
of another recombination trap began to show up. In both 
cases a unique interpretation of the results was possible only 
when the field-effect under illumination and the surface re- 


recombination velocity, 


t0.1 ev on 
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combination velocity were analyzed side by side. With regard 
to the first case, a similar change in trap density was also 
observed in the dark field-eflect. Therefore, it seems that the 
same traps are operative in the surface recombination process 
and in the dark field-effect 


H8. Fast Field Effect and Photoconductive Studies on 
Lead Sulfide Films. Howarp E. Sorrows, Office of Naval 
Research and U.S. Naval Ordnance Laboratory.-Estimates by 
Petritz' indicate that surface trap densities, rather than bulk 
trap densities, should give observed photoconductive time 
constants on lead sulfide films. The field eflect measurement 
can be used to study surface traps. We reported?® a fast field 
effect time constant, r/=250 psec, measured by the transient 
response method. We have since developed a double ac method 
which eliminates the 
transient or single ac methods on high impedance samples 
The sample is placed in an ac bridge; another ac field of differ- 
ent frequency is applied normal to the film surface. The tield 
effect voltage is the unbalanced bridge voltage at the sum and 
difference frequencies. ry determined from the conductance 
us frequency curve was found to be in good agreement with 
Tp, the photoconductive time constant. Background illumina- 
tion was used to vary (shorten) the time constants 


some ol balancing difficulties of the 


; ry and ry, 
These 
results indicate that the trapping centers of photoconductivity 
are probably surface states and adds further verification to the 
majority carrier model of photoconductivity.* 


decrease and remain equal within experimental error 


! Richard L. Petritz, Bull. Am. Phys. Soc, Ser, 11, 1,177 (1956 
? Petritz, Lummis, Sorrows, and Woods in Semiconductor Surface Physi 
edited by R. H. Kingston (University of Pennsylvania Pre Philadelphia 


to be published 


H9. Magnetosurface Effects. Jay N. Zemri 
L. Perrirz, U.S. Naval Ordnance Laboratory 
tion of charge in the space charge region near the surface of a 
characterized by a density and 
mobility which is usually different from the bulk values 
Schrieffer! has presented a theory which leads to a reduced 
mobility for the current carriers in the space charge region 
To date, there has been no direct demonstration of this re 
duction in mobility. We have constructed an apparatus capable 
of measuring small changes in the Hall and magnetoresistive 
effects. Data has been taken on high-resistivity germanium 


AND RICHARD 


! he conduc 


semiconductor is charge 
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while varying the ambient gas. Large changes in conductivity, 
Hall constant, and magnetoresistive eflect have been observed 
The Hall mobility and magnetoresistive etlect both decrease 
as qualitatively predicted by theory 


1). R. Schrieffer, Phys. Rev. 97, 641 (1955 

H10. Growth of Whiskers from the Vapor.* R. V. Coteman 
AND N. Caprera, University of Virginia the 
experiments of W. G. Sears and R. V. Coleman,' whiskers of 
Zn have been grown from its own vapor in the presence of an 
inert gas: He, A, Kv, etc. Emphasis was given to the con 
centration of impurities in the gas, particularly oxygen. For 
specific condition of supersaturation and temperature 


independent of 


Following 


, and to 


some extent the impurity content, long 


whiskers grow. For some of them and at particular position 
along the whiskers, perfect hexagonal plates grow sidewise, 
parallel to each other, giving indication of the erystallographi: 
orientation of the whiskers. The whisker is never normal to 
the plates and no indication of twisting has been observed 

* Work supported partially by the National Science bo 


Office of Naval Research 
1G, W. Sears and R. V, ¢ 


idation and the 


Jeman, J, Chem, Phys, 25, 635 (1956 

H11. Production and Properties of Graphite Whiskers. 
R. Bacon and J. C. Bowman, National Carbon Company 
Graphite whiskers have been produced under various condi 
The whiskers are found 
. embedded in the solid boule which is built up by deposition 
from the electrode whiskers exhibit 


many of the properties observed in metal whiskers 


tions in a consumable electrode are 
These qualitatively 
Their 
diameters range from a few tenths to over ten microns, with 
lengths up to 1.6 cm. Their tensile strengths least 
20 000 pounds per square inch and the electrical conductivity 
The bend 
ing strain required to kink a whisker expressed as the ratio of 
whisker radius to radius of curvature just before kinking is 
approximately 0.1% 


is nearly as high as that of single crystal graphite 


Electron micrographs usually show a 
uniformly dense cylinder having straight sides, with occasional 
step changes in diameter. Electron and x-ray diffraction shows 
that the ¢ axis is perpendicular to the whisker at all azimuths, 
lhe whiskers are 
quite crystalline and it is likely that the structure consists of 
wrapped-up cylindrical 


and the cylinder axis is the hexagonal a axis 


heets of graphite layer plines 


AT 2:00 


Physical Sciences, Room A-2 


(J. W. Beams presiding) 


General Physics 


HAI. A Variational Method for Nonlinear Microwave 
Cavities. Harvey Scnuttz anp P. H. Mitier, Jr., General 
Atomic.—The properties of a microwave cavity filled with a 
nonlinear dielectric variational 
method based on Hamilton's principle. The Lagrangian den- 


have been investigated by a 


sity which leads to the proper wave equation is not the differ 
ence between the electrostatic and magnetic energy densities 
but rather 


"4 ; pli? 
La= Jf D-dE-*_. 


Using trial solutions in the method described by Miller! it is 
found that 
simultaneously at both the fundamental and the third har 
monic frequencies for finite driving fields. It does not appear 


rectangular cavity can be made to oscillate 








that this is a suitable method for generating harmonics. For 
example, if the amplitude of the fundamental is large enough 
to change the dielectric constant at the peak by 20% the frac 
tion of the cavity energy associated with the third harmonic is 
10°¢, 


'P. W. Miller, Jr., Am. J. Ph 25, 40 (195) 

HA2. Use of Complex Conductivity in the Representation 
of Dielectric Phenomena. F. A. Grant, National Bureau of 
Standards.—\t is customary to expre proper 
ties of materials in terms of the real (e’/e9) and imaginary 
In the 


Cole-Cole diagram, the experimentally determined values of 


s the dielectric 
(e’’/eo) components of the complex dielectric constant 


e and e” corresponding to various frequencies are plotted in 
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Cartesian coordinates. When the mechanism is a simple Debye 
relaxation, this diagram takes the form of a semicircle having 
its center on the ¢ axis. When oo, the de conductivity of the 
material, is not negligible, the low-frequency part of the Cole- 
Cole plot loses its distinctive shape. A complementary repre- 
sentation in terms of complex conductivity will be proposed, 
in which a simple Debye mechanism again results in a semi- 
circle. However, a nonzero value of ao does not cause this re- 
presentation to lose its distinctive shape in the low frequency 
range. Instead, the effect of ao is merely to cause a shift in the 
position of the center of the semicircle, which enables a9 to be 
obtained directly from the diagram. Examples of the utility 
of this representation will be given. 


HA3. Relation between Complex Conductivity and Complex 
Permittivity.* P. H. FanG, National Bureau of Standards.— 
When the dielectric dispersion is of the Debye type, with a 
single relaxation time, Grant (préceeding abstract) has shown 
that a plot of complex conductivity is complementary to the 
Cole-Cole plot of complex permittivity.! Three points will be 
discussed : 1, Another plot is introduced based on the case when 
the dispersion is of Debye type, there is a linear relation be- 
tween the conductance o’ (=we’, with w the frequency, ¢’ 
the dielectric absorption) and the dielectric constant ¢. The 
slope of e —a’ line then gives the relaxation time r. This pre- 
sentation of experimental data gives a precise value r in a 
more convenient way than the semicircular fitting. 2. Com- 
parison will be made among the representations of Cole-Cole, 
Grant, and e’—o', for the case of general Cole-Cole distribu- 
tion,' which introduces a distribution parameter a (the depres- 
sion of the semicircle center below ¢ axis). 3. A Kramers- 
Kronig type of relation for the complex conductivity will be 
discussed. This relation can be used to determine o’ from the 
frequency spectrum of o/’(=we’), or vice versa. 


* Research supported by the U.S, Atomic Energy Commission. 
'K. S, Cole and RK, H, Cole, J. Chem, Phys. 9, 341 (1941), 


HA4. Low-Pressure Corrections for Recombination Meas- 
urements in Nitrogen. A. C. Faire anp K. S. W. Cuampton,* 
Air Research and Development Command.— Recombination 
measurements have been previously made in Nz and Nqa—He 
mixtures using microwave oe s.'-4 The He was added to 
reduce diffusion losses when the N» pressure was low, and it 
was assumed that it would act singly as a passive recoil agent. 
The limitations of He as a passive recoil gas have been studied 
analytically and also experimentally by means of a mono- 
chromator and a photomultiplier. Accurate values of the rate 
coefficient for dissociative recombination in Ny at low pres- 
sures’ have been obtained after corrections were made for 
diffusion loss and for ionization produced in the afterglow by 
He metastables. 

* Tufts Universicy. 

‘Faire, Fundingsland, and Aden, 
October, ‘1953, Washington, 1). ¢ 

'Vaire, Fundingsland, and A Jen, Conference on Electron 
June, 1954, University of By ginghem. Birmingham, England. 

‘ A. . Faire and George W. Griffing, Gaseous Klectronics Conference, 
onde "1055, Schenectady, New York, 


Gaseous Electronics Conference, 


Physics 


HAS. Separation of the a,—a@,; Doublet of X-Ray Diffrac- 
tion Lines. A. ID. FRANKLIN AND B. F. Canty, National 
Bureau of Standards.—lf the Fourier coefficient of a doublet be 
calculated from the data, then it is possible in a simple fashion 
to calculate the coefficients of the single-component line. This 
calculation requires that, as in the a; a2 case, the separation 
of the components be known. This technique will be demon- 
strated using data taken with a_ well-crystallized BaTiO; 
ceramic specimen. The extension of this technique to the 
resolution of a doublet in which the separation of the com- 
ponents is not known will be discussed. 
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HA6. Hartree-Fock Wave Functions for (3d)"° Atomic 
Configurations in the First Long Series. Wiitiam W. Pirer, 
General Electric Research Laboratory.—Wave functions have 
been obtained for the isoelectronic series from Cu* to Kr**. 
These calculations were performed with the aid of an IBM 650 
computer. Details of this program have described 
elsewhere.' Hartree’s interpolation techniques? were 
obtain starting functions and were found for this closed shell 
series to be quite accurate. Hartree predicts the screening con- 
stant, a, should be linear in #, and for the 3d shell, for example, 
one obtains from Cu* and Ge** the expression o = 14.298 
+4.052%. The greatest deviation from this formula was 
Ao = 0.02 for Kr** which corresponded to a maximum error of 
0.02 in the wave function. The corresponding maximum error 
in the amount of charge within an arbitrary radius due to all 
the 3d electrons was 0.08 of an electronic charge. Slater's table 
of energy levels* proved quite useful for starting estimates of 
all eigenvalues. The final eigenvalues for the 3d shell from 


been 


used to 


Cut to Krt* were found to be 1.62, 3.07, 4.82, 6.84, 9.11, 
11.64, 14.42, and 17.42 rydbergs 

1W. W. Piper, Commun. and #lectronics (Am. Inst. Elec. Engrs 
1956-1957, p. 152 

2D. R. Hartree, Proc. Cambridge Phil, Soc, 51, 684 (1955 


§J.C. Slater, Phys. Rev, 98, 1039 (1955 


HA7. Orbit-Orbit Interactions in Atomic Spectra. C. W 
Urrorp anp H. B. Cati_en,* University of Pennsylvania. 
Empirical spectroscopic evidence suggests the existence of an 
orbit-orbit interaction between electrons, of the form al; —ly, 
and of a magnitude comparable to the spin-orbit interaction 
The direct magnetic interaction, present in the Breit equation, 
if of this form. However, approximate evaluations of the mag- 
netic interaction have given discouragingly small values, and 
it has been generally believed that the empirical al; —l, inter- 
action results from configuration interaction rather than from 
a magnetic interaction. We have carried out an explicit 
calculation of the magnetic interaction, using the tensor 
operator form of the magnetic interaction, as given by Yana- 
gawa. The result of this simple calculation is that the magnetic 
interaction does indeed give an orbit-orbit interaction com- 
parable in magnitude to the spin-orbit interaction. The re- 
tardation effects in the magnetic interaction are found to be the 
dominant source of the interaction. Previous estimates were 
based on the unretarded magnetic interaction. The qualitative 
semiclassical resason for the small contribution of the unre- 
will be discussed. The role of 
magnetic interaction has certain 
and spin-orbit 


tarded magnetic interaction 
electron correlation in the 
unique features as compared with spin-spin 


interactions, and these also will be discussed. 


* Supported by Office of Naval Research 


HAS. Inelastic Molecular Collisions with a Maxwellian 
Interaction Energy.* B. Wipom, Cornell University —The 
radial Sc hrédinge r equation for arbitrary values of the angular 
momentum is solved exactly with a repulsive RX‘ potential 
energy, the solutions being nonperiodic Mathieu 
whose arguments are linear functions of log. It is shown how 
to normalize the functions to unit amplitude of oscillation at 
R=, and the results are then used to study vibrational re 
laxation in the distorted wave approximation. Emphasis is on 
temperatures sufficiently low, or vibrations sufficiently stiif, so 
that hy>kT, where hy is the which is exchanged be- 
tween vibration and translation 
ability per collision, p, is found to be proportiona 
soidal factor which may have a value anywhere between 0 and 
1, depending on the precise magnitude of hv; and proportional 
to a factor which decreases as the exponential of (hv)*. Near 
the threshold p satisfies the threshold theorem,' and also de- 
creases extremely rapidly with increasing angular momentum 
The energy dependence far from the threshold is also obtained, 


functions 


energy 
Ihe energy Cx¢ hange prob- 
| to a sinu- 
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and the relaxation time and its temperature dependence are 


dis ussed. 


* Work supported by U 
' B. Widom, J. Chem. Phy 


S. Air Force Office of Scientific Research 
s. 23, 2377 (1955 


HA9. New Approach to the Study of Electronic Structure 
of Molecules: Application to Li,.* IT. Arat, A yoto L/niversity 
and Carnegie Institute of Technology. —To remedy deficiencies 
of orbital approaches, Moffitt! proposed incorporation of exact 
atomic energies into molecular calculations. Rough calculations 
using ejual effective charges for neutral atom and ion give dis 
appointing results, however. Unmoditied atomic eigenfunctions 
also are not suitable because effective charges in molecules 
may be different from those in free atoms. We start 
structing the primitive Hartree-like function y for each atomi 
eigenfunction. By multiplying ¥ by a suitable correction factor 


by con 


p we then change effective charges to give equal effective 
Ip 
In molecular caleu- 


charges for atoms and ions. The modified functions x 


finally obtained still contain correlation 
lations exact eigenvalues of atoms thus are used, but energy 
changes resulting from deformations of atoms and interatomic 
interactions are calculated functions x 


using approximate 
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made up from compromise orbitals with a single etlective 
charge. Energy levels of Li, have been calculated, giving a 


dissociation energy of 0.95 ev (obs. 1.03 ev). 
* Supported in part by the Office of Ordnance Research, U.S. Army. 
1W. Moffitt, Proc. Roy, Soc. (London 210, 245 (1951). 


HA10. Moments of the Charge Distribution of Molecules.* 
Martin Karrtus, ARON KUPPERMANN, AND LEONARD 
ISAACSON, University of Illinois. -For the calculation of the 
moments of the charge distribution of a moelcule whose wave 
function is expressed as a linear combination of determinants 
a large number of one electron moment 

\ general formula for the evaluation of 
these integrals has been developed and coded for the electronic 
digital computer at the University of Hlinois (ILLIAC). The 
in testing certain approximate charge distri 


of Slater functions, 
integrals is required 


use of the codes 


butions and indetermining wave function parameters from 
microwave line broadening and other experimental data will be 
illustrated by 


polyatomic molecules 


a discussion of some hydrocarbon and other 


* Work supported in part by a grant from the University of Illinois 
Graduate Research Board 
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Indian Arts Gallery, University Museum 


(G. ZENER presiding) 
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Museum Auditorium 


(H. D. SMytit presiding) 


DSSP Symposium on Nuclear Magnetic Resonance 


Ji. Nuclear Spin Behavior in Solids in Strong Radio-Frequency Fields. A. G. Reprimip, JBM 
Watson Laboratory. (25 min.) 

J2. Nuclear Resonance in Solids under High Hydrostatic Pressure. (. 1}. Bi seprK, Mareard Uni- 
versity. (25 min.) 

J3. Nuclear Magnetic Resonance in the Iron-Group Fluorides. k. G 
Laboratories. (25 min.) 

J4. Study of Superconductors by Nuclear Magnetic Resonance. | 
(25 min.) 

J5. Free Induction Decays in Solids. I. Lowr, 


SHULMAN, Hell / elephone 


Rev, University of Chicago. 


Washington University. (25 min.) 


FRIDAY MORNING AT 9:30 
Irvine Auditorium 


(M. Lax presiding) 


Elemental Semiconductors 


band structure has been obtained in studies of the surface 


K1. Valence Band Structure of Silicon. Homer 1). Hac- 
srruM, Bell Telephone Laboratorie Herman! finds that two 
valence electrons in silicon are in bands (V3 and V4) whose 
total width is about 15 ev, and two are in bands (V1 and V2) 
at the top of the V3 band which are considerably narrower 


(perhaps 10% of V3+ V4). Evidence confirming this general 


Auger effect for silicon. Here, one measures the energy distri- 
bution of electrons ejected by the Auger neutralization of 10 
ev He* ions The top of 
the valence band in silicon lies about 6 ev below the vacuum 
level for an essentially atomically clean surface. 2. The width 


? Two quantitative conclusions are: | 
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of the V1 and V2 bands is about 5 ev. This width is greater 
than the theoretical. However, Herman, whose latest value 
is about 1 ev, points out that inculsion of more terms would 
increase the calculated width. The earliest calculations gave 
zero width for the V1 and V2 bands.’ 


1P. Herman (private communication) and Proc, Inst. Radio Engrs, 43, 


1704 (1955) 
911. 1), Hagetrum, Vhys, Rev, 96, 426, 336 (1954); 104,672 (1956), 
4(,, kk. Kimball, J. Chem. Phys, 3, 560 (1935). 


K2. Magnetic Susceptibility of Silicon. 1). K. Stevens, 
W. J. Sturm, k. Sonper, J. W. CLELAND, AND J. H. Craw- 
voRD, Jx., Oak Ridge National Laboratory. -\n addition to the 
data previously reported,' measurements have been carried out 
on n and p type silicon single crystals with carrier concentra 
tions above 10'* em 4 in the exhaustion range. The influence of 
the freezing out of carriers is clearly visible in the curves for 
three n type samples. The value of (f,2), the square of the re- 
ciprocal mass tensor appropriately averaged for motion of the 
electrons in the magnetic field, calculated from these measure- 
ments is appreciably less (approximately 4) than that expected 
from cyclotron resonance measurements? Fast neutron bom- 
bardment of intrinsic silicon results in a slight increase in its 
diamagnetic susceptibility. In extrinsic p type materials the 
contribution of the holes to the total susceptibility which is 
paramagnetic prior to irradiation is destroyed when the holes 
are trapped in irradiation introduced traps. The effect of bom- 
bardment upon the susceptibility of m type silicon is incon- 
clusive. 


1—. K. Stevens and J. HU. Crawford, Jr., Ball, Am, Phys. Soe, Ser. II, 


1,117 (1956), 
§ Dexter, Lax, Kip, and Dresselhaus, Phys. Res 


96, 222 (1954) 

K3. Pressure Induced Changes in the Optical Absorption of 
Ge, Si, Te.* L. J. Neurincer,t University of Pennsylvania 
Measurements of the intrinsic optical absorption coefficient 
have been made on thin single crystal specimens in the 
pressure range 11000 atmos. The most recent version of the 
Bardeen, Blatt, Hall theory has been used to determine the 
pressure coefficient of the (111) conduction band minimum in 
germanium by extrapolation to zero absorption coefficient 
This value is 8.110% ev/atmos with the value for the (000) 
minimum being about 50% larger. The discrepancy between 
optical and electrical values of the pressure coeflicient may be 
explained by assuming a pressure dependence of the tempera- 
ture coefficient of the energy gap. In silicon the pressure coetti- 
cient is — 1.810 *ev/atmos, in agreement with Warschauer, 
Paul, and Brooks. Both gy and gy in tellurium decrease 
with increasing pressure. There is an indication that initially 
Fg, decreases more rapidly with pressure than Egy, in accord 
with the calculations of Reitz. These pressure coefficients then 
permit a direct calculation of the lattice dilatation effect of 
temperature. 

* Work supported by a U.S. Navy contract 

t Now at Raytheon Manufacturing Company 


K4. Conductivity Mobilities in Heavily Doped Silicon. G 
Backenstoss, Bell Telephone Laboratories. Mobilities have 
been determined in a region in which ionized impurity seatter- 
ing is predominant. Resistivities were measured by a four point 
probe and impurity concentrations were obtained from a ther- 
mal neutron activation analysis. Measurements were taken 
with several group IIL and group V impurities up to concen- 
trations of 610" (cm-4) and 6 10" (cm~*) for m and p type 
silicon respectively. An effective mobility yw’ can be defined 
by the equation pw! = 1/peN’ relating w’ with the total impurity 
density, N’, for each impurity element. The conductivity 
mobility can be calculated from this data provided that the 
percentage of ionized impurities is known. Some details of the 
method will be discussed and results will be presented. The 
electron mobility approaches 80 cm*/V-sec and the hole 
mobility 60 em*/ V-sec for the highest impurity concentrations. 
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The comparison with the theory is better for type silicon 
than it is for p type silicon 


KS. Effect of Minority Impurities on Impurity Band Con- 
duction in Germanium.’ HH. Friizscue anp K. Lark-Horo 
vitz, Purdue University.—At small impurity concentrations, 
small overlap between electron wave functions of impurities, 
impurity band conduction is possible only if minority impuri- 
Thermally 
activated carriers can then move from occupied to unoccupied 
majority centers 
overlap, the localization of the carriers at impurity centers is 


ties produce ionized (unoccupied) majority centers 
\t large impurity concentrations, strong 


removed so that the yY can migrate through the semiconductor 


without the presence of minority impurities. The effect of 
adding minority impurities on the conductivity of an impurity 
band formed by a constant concentration of majority center 
has been studied in both concentration ranges. At low con 
centrations the impurity band conductivity first increases with 
increasing degree of compensation A \ \ due to the 
increase in number of unoccupied majority centers. As A 


approaches unity the conductivity decreases rapidly because 


of the decrease in number of occupied majority centers. At 
large concentrations the conductivity decreases as K is it 
creased because (1) the decrease in carrier conce itration and 
(2) the increase in the number of scattering centers. Thus the 


two different conduction mechanisms can be distinguished 


* Work supported by the | >. Signal Cory 


K6. Impurity Band Conduction in Silicon.* Grorce A 
Swariz.t 
impure (~5 X10" impurities/ec) P and nm type silicon from 
90°K to 5°K. Hall effect measurements have been made on the 
The log e vs 1/7 
showed a knee in agreement with previous measurements by 
Morin and Maita! and also the logR 1/7 curve howed i 


pronounced peak at about 25°K. Using the data together with 


Conductivity measurements have been made in 


same specimens from 90°K to 17°K curve 


the expressions for the Hall coefficient and conductivity for a 


two carrier model, the conductivity in the “impurity band 
was calculated separately from the conductivity in the conduc 
tion band. In the case of a sample of p type, boron doped sili 
con a plot of log “impurity band" resistivity vs 1/7 exhibits a 
minimum at 25°K and becomes linear below 14°K. A suggested 
explanation is based on the excited 1s states of the impurity 
atoms proposed by Kohn and Luttinger® in n type silicon 


Conduction would take place in the “band” formed | the 


excited 1s states instead of in the ground 1s state because of 
the higher mobility resulting from a larger wavefunction 
overlap in the excited states. As the temperature is lowered 
charge carriers drop out of the excited 1s states and into the 
nonconducting ground states, making the resistivity expo 


nentially dependent on temperature 


* Research supported by the Office of Naval Research 

t Phileo Research Fellow 

'F. J, Morin and J. P. Maita, Ph R 96, 28 (1954 
?W. Kohn and J. M. Luttinger, PI Re 98, 915 (1955 


K7. Pressure Dependence of the Resistivity of Gold Doped 
Silicon.* Marsnact I. NATHAN AND WiLtiaM PauL, Harvard 
University.-Gold impurities in introduce two levels 
into the forbidden energy gap! vel E,, 0.54 ev 


silicon 
an acceptor |e 


below the conduction band minimum E., and a donor level 
Ex, 0.35 ev above the valence band maximum £,. Properly 
compensated samples behave as n type with activation energy 
E,— E, or as p type with activation energies Ek; — &, or E KE 

Neglecting the small change of mobility,? measurements of 


! 


resistivity can be interpreted to give the pressure variation ¢ 
these activation energies and of -,—E,.* Pressure measure 
ments to 25 000 kg/cm? at 24°C give a decrease of |E.—E, 
lhe 
two measurements yields a pressure coefficient for the gap of 
-~2 10°" ev/dyne/cm?. This is in qualitative agreement with 


nearly three times greater than | /,— sum of these 
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previous measurements in this laboratory.* Measurements to 
7000 kg/cm? at —78°C give a coefficient of |E:—E, 
than 5X10™" ev/dyne/cm*. The smaller coefficient of the 
activation energies relative to the valence band is similar to 
what has been observed in gold doped germanium in this 
laboratory. 


less 


* Supported by the Office of Naval Research 

'C. B. Collins and R. O. Carlson, Bull. Am. Phys. Soe. Ser. II, 1, 127 
(1956 

2W. Pauland G. L 

* Carlson, Collins 


Pearson, Phys. Rev, 98, 1755 (1955 
and Gallagher, Bull. Am, Phys. Soc, Ser. II, 1, 128 


(1956 
K8. Nickel in Germanium. W. W. Tycer ann H. H 
Woopsury, General Electric Research Laboratory.-—Ger- 


manium crystals containing known concentrations of arsenic 
have been saturated with nickel by diffusion at 900°C and 
rapidly quenched to room temperature. Hall coefficient mea- 
surements contirm the results reported! for crystals grown from 
a Ni-doped melt. In addition, the presence of doubly-charged 
Ni sites in compensated samples has been verified by studies of 
electron mobility. At 900°C the solubility of Ni in Ge (meas- 
ured in compensated samples assuming Ry =1/ne in deter- 
mining the As concentrations) is 7.510" cm, appreciably 
higher than reported by van der Maesen and Brenkman.*? At 
this temperature the apparent dillusivity estimated from the 
time required to saturate samples with Ni is >10°4* em?*/se« 
Penning’s’ observation that annealing supersaturated samples 
at 430°C causes the disappearance of the 0.22 ev Ni levels and 
the appearance of lower activation energy acceptor levels has 
been confirmed and extended. Both the fast diffusion and the 
nature of this low temperature annealing will be interpreted in 
terms of the dissociative diffusion model.‘ 

1 Tyler, Newman and Woodbury, Phys. Rev, 98, 461 (1955 

2F. van der Maesen and J. A. Brenkman, Philips Research Kepts. 9, 
225 (1954 

+P. Penning, Phys. Re 102, 1414 (1956 

‘F.C, Frank and D. Turnbull, Phys. Rev, 104, 617 (1956 
PELL, General 


lithium in 


K9. Solubility of Lithium in Silicon. I. M 
Electric Research Laboratory. Vhe solubility of 
silicon has been measured as a function of temperature between 
600°C and 1400°C. It reaches a maximum atom impurity 
fraction of 1.110 *+8% at 1200°C, which is 
with a distribution coeticient of 9X10% 
were fast enough to prevent lithium loss from the sample 
during cooling, but at higher temperatures it was not possible 
to quench rapidly enough to prevent serious precipitation, as 
revealed by comparing electrical measurements of lithium re- 


consistent 
Cooling periods 


maining in solution after cooling with chemical measurements 


of total lithium content. Total lithium content was deter- 
mined by flame analysis, with the predominant analysis error 
imposed by the limit of detectability and estimated at 420 
The resulting solubility agrees with 
previous electrical 600°C but departs 
markedly from them at higher temperatures and, in general, 


follows the curve predicted from thermodynamic principles.* 4 


ppm for our sample size 
measurements’ at 


! Reiss, Fuller, and Pietr kiewics, 1. Chem. Ph 25, 650 (1956 
C.D. Thurmond and J. D. Struthers, J. Ph Chem. 57, 831 (1954 
*K. N. Hall (to be published 


K10. Precipitation of Lithium in Germanium. F. J. Mokin 
AND H. Reiss, Bell Telephone Laboratories The precipitation 
of Li in Ge erystals has been studied by Hall effect and con- 
ductivity. The Li equilibrating the 
crystal at an elevated temperature in contact with a Ge-Li 
alloy, and precipitation is then followed at around room tem- 
perature. The fraction of Li remaining in solution after time ¢ 
satisfies the expression! exp(—at!) which assumes spherical 
diffusion of Li to a constant number of competing nuclei. The 
predicted dependence of a upon Li diffusivity has been con- 
The number of precipitation nuclei in- 


solution is formed by 


firmed experimentally 
creases with equilibration time and finally reaches saturation 
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The rate at which saturation is attained increases with dislo 
cation concentration, the initial rate per dislocation being con 
stant. Dislocations and surfaces are too tar from the bulk of 
the Li to act as nuclei, Electron bombardment to produce 
vacancies introduced similar precipitation in a nearly perfect 
crystal which had failed to precipitate. Those facts suggest 
that the precipitation nucleus involves a lattice vacancy 


1H. L. Frisch (private communication) 

K11. Ionization Energies of Some Impurities in Ger- 
manium-Silicon Alloys.* M. L. Scnuntz, RCA Laboratories 
(introduced by G. A. Morton). This paper reports results of 
the determination of the dependence of ionization energy upon 
alloy composition for impurities in germanium 
silicon alloys. Jonization energies #, were obtained from slopes 
of plots of loge versus 1/7 at low temperatures and were 
confirmed, for some samples, by determination of the threshold 


several 


of impurity photoconductivity. The impurities investigated 
and the alloy composition (expressed as atom %% Si) ranges 
gold) Oto l6;copper Oto 12; indium 60 to 100 
and boron —0 to 9. In each case, Ey incraeses with increasing 
silicon content. For gold, copper, and indium, &, is a nonlinear 
function of alloy composition such that the rate of change of 


covered are 


Ey, with composition undergoes a large and rather sudden in 
crease at an alloy composition characteristic of each impurity 
The magnitudes of the changes in /y are large. For the lowest 
lying levels of copper and gold, Ey increases by factors of about 
three over the ranges investigated. The /,y values for indium 
are intermediate between those for indium in pure germanium 
and in pure silicon 


* This work has been performed undes Contract Noonr 246004 

K12. Infrared Absorption by Neutral Impurities in Ger- 
manium. N. Scrar, Allen B. Du Mont Laboratories, Ine 
aND B. Henvis, Naval Research Laboratories The infrared 
absorption by an m type germanium specimen containing 
approximately 10" antimony impuritic 
1.2°K over the wavelength range 2-40 microns. Be 


s/om® has been meas 
ured at 
yond about 7 microns, the spectrum of the absorption con 


tant consists of a number of irregularities superimposed onto a 


7/2 power dependence of wavelength, These results are ana 
lyzed in terms of the absorption by neutral impurities as 
which the bound 


Over the 


described by 
electron is ionized to the 


a simple hydrogen model in 
conduction band wave 
length region measured, the wavelength dependence is accur 
ately described by this model but the experimental absorption 
exceeds the theoretical value by approximately a factor of two 
By correcting the theoretical constant by this factor and as 
suming that the resulting expression holds up to the long 
possible to calculate the effeet of room 
hows that 
the chiet 


wavelength limit, it i 
temperature blackbody radiation. Thi 
although this radiation peaks at about 
the ionization of the neutral impuritic 


analysis 

10 microns 
contributions towards 
comes from wavelengths beyond 25 microns. It is thus pre 
dicted that considerable enhancement of the photoconductivity 
of such material at 10 microns will result from the use of a 


cooled filter excluding wavelengths beyond 25 micron 


K13. Infrared Reflectivity and Effective Mass of Holes in 
Tellurium.* KR. S. Catowrei. ano H. Y, Fan, Purdue Univer 
sity. Tellurium samples usually show constant reflectivity 
for wavelengths above 5 micron, 52% and 44%, respectively, 
for radiations polarized parallel and perpendicular to the ¢ 
axis. It has been observed that samples of very large carrier 
concentrations show variations of reflectivity.! Measurements 
have been made on samples with hole concentrations varying 
from 7X10" to 1.6%10" em * with polarized radiations 
Pending measurements of absorption, approximate estimates 
of carrier effective mass have been made by assuming that the 


variation of reflectivity on the short wavelength side of the 
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minimum is largely associated with decrease of refractive 
index. The preliminary values of effective mass obtained are 
my y~0A2m and my~0Akm. Tellurium is known to have a 
lower resistivity in the direction parallel to the ¢ axis. Meas- 
urements on one of the samples gave py/py =1.65 at 300°K 
and 1.35 at 77°K. The values may be too high, since the 
sample consists of several crystals with the same orientation of 
c axis, therefore, there may be boundary scattering in the 
perpendicular direction. Accepting py/py>1, the result 
ms S my indicates that the relaxation time is anisotropic. 


* Work supported by a Signal Corps Contract. 
1W. Spitzer and H. Y. Fan, Bull. Am, Phys. Soc. Ser. IL, 1, 331 (1956) 


K14. Electrical Properties of Arc Evaporated Carbon Films. 
M. D. Brunt ann G, C. Danieison, Iowa State College. 
Uniform thin films of carbon in the thickness range 100 to 
2300 A have been prepared by are evaporation in vacuum. 
I. vaporation were about 50 A/sec. The electrical 
properties of these films suggest that unannealed are evapor- 


rates 


SESSIONS K, 


L, AND LA 


ated carbon had less long-range order and was, therefore, more 
truly amorphous in structure than any other form of carbon 
yet obtained. After the films had been heated to 1200°K, 
however, their properties were similar to ordinary fine particle 
carbon blacks, apparently as a result of increased ordering 
The electrical resistivity of unannealed films followed ohms 
law, was not photosensitive, and could be well represented in 
the temperature 77°K to 300°K by the equation 
R=AT~*, When the carbon films were heated 
above room temperature, the resistivity and the exponent 6 
\fter the films had been 
was reduced by a factor 


range 


where b=5 


were both decreased substantially 

annealed at 1200°K, the resistivity 
exceeding 800, and could be best represented, in the tempera 
ture range 77°K to 1200°K, by the equation R=a—fT. The 
values of the resistivity, temperature coefficient of resistivity, 
and thermoelectric power of the annealed films were then 
more nearly in agreement with the corresponding values for 
ordinary fine particle carbon blacks 


* Present address: Universit 4 Pari 





FRIDAY MORNING AT 9:30 


Physical Sciences, Room A-2 


(G. P. HARNWELL presiding) 


Invited Papers 


Ll. The Mass-Energy Relation in Quantum Mechanics. \V. I’. 


dation, (30 mit.) 


G. SWANN, Bartol Research Foun 


L2. Resonance Fluorescence and Atomic Nuclei. F. R. Mrrzcrer, Bartol Research Foundation 


(30 min.) 


L3. Momentum Distributions in Nuclei. WALTER SeLove, University of Pennsylvania 


(30 min.) 


L4. Nucleus Forces from Pi-Meson Theory. AnkanamM KLEIN, University of Pennsylvania. (30 min 





FRIDAY MORNING AT 9:30 


Houston Hall Auditorium 


(K. R. ATKINS presiding) 


Invited Paper 


LAI. Spectroscopy of Superconductors in the Far Infrared. M 


Berkeley, (40 min.) 


PinKHAM, University of California, 


Cryogenics 


LA2. Hyperfine Coupling in Metallic Cobalt. M. A. Grace, 
Cc. E. Jounson, N. Kurrt,* R. G. Scurtock, ano R, T 
Taytor, Oxford University. Using nuclear orientation tech- 
niques we have carried out further experiments! with improved 
arrangements, to determine the hyperfine interaction in ferro- 
magnetics. A single crystal of hexagonal cobalt was cooled to 
0.04°K and the intensity W of the y rays emitted parallel and 
perpendicularly to the hexagonal axis by 10 yweuries of Co® 
present in the sample was measured as a function of tempera- 
ture. Down to 0.04°K the anisotropy 1— W(0)/W(w/2) is well 
represented by 1.010 4(1/T)*. This gives 2.3 10® gauss for 
the effective magnetic field at the nucleus, produced by the 
ferromagnetic electrons aligned in domains along the hexagonal 
axis. Alternatively, assuming a Hamiltonian K=AI,S, we 
find for Co A =2.210°?°K, as compared with 2.6X10°?°K 
—4.210°?°K in various Co**-salts. (The smaller value given 


in our preliminary report! could be explained by unsatisfactory 
thermal contact between the specimen and the paramagneti: 
coolant.) The high-temperature tail of the nuclear specific 
heat in metallic cobalt is given by CT?*/R =6.3X10~; below 
0.5°K the electronic than 10%. The rela- 
tive magnitudes of the hyperfine coupling in the metal and in 
the salts will be discussed with regard to s-electron contribu- 
tion to ferromagnetism. 


contribution is less 


* At present on sabbatical leave in the University of California, Berkeley 
1 Communications, Conférence de Physique de basses températures 
Paris, 1955, p. 263. 


LA3. Some Electrical Properties of Uranium, Titanium, 
and Copper.* Trp G. Bertincourt, Atomics International 
Hall effect measurements have been carried out on polycry 
stalline uranium, titanium, and copper between 1.2°K and 
room temperature. The Hall coefficient versus temperature 
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curves are characterized in all three metals by a weak tempera- 
ture dependence in the residual resistivity region; a strong 
temperature dependence in the small angle electron-phonon 
scattering region; and a weak temperature dependence in the 
linear resistivity region. Such behavior in a “simple” metal 
like copper supports the view that the effect of scattering is 
comparable to the effect of charge carrier concentration even 
in a “one-band”’ metal. Values of the Hall coefficient, Rr in 


units of cm*/coulombX10°*, are listed below for three 
temperatures. 
Ri vn Rie Raoo’k 
Uranium 1.45 4.9 4.1 
Titanium 4.1 —0.95 0.05 
Copper 68 61 5.1 


The results of low-temperature transverse magneto-resistance 
measurements on a urnaium single crystal for various orienta- 
tions will also be reported. 


* This work was supported by the U. S, Atomic Energy Commission and 
the U.S. Air Force 


LA4. “Size Effect” in Electrical Resistivity Measurements 
on Single Crystals of Very Pure Tin at Liquid Helium Tem- 
peratures. J. k. KUNZLER AND C, A. Renton, Bell Telephone 
Laboratories.—Previous observations of the “‘size effect"’ in dk 
resistivity, due to scattering of electrons at the external 
boundaries of a metallic specimen, have been restricted to 
films and thin wires. This is because it is necessary to keep the 
specimen dimensions comparable with the electron mean free 
path which was less than 10°* cm at liquid helium temperatures 
in the purest materials then available. However, the apparent 
“size effect’ in such specimens may have contributions (from 
strain, grain size, compositional variations, etc., as well as 
boundary scattering) that can be avoided with sufficiently 
pure single crystals. Theory and early work have been reviewed 
by Sondheimer.' The availability of single crystals of very pure 
tin? (pH,/p0°C~10-*) and of precision measuring facilities* 
(capable of measuring small de voltages accurately to 10% 
volt) have made possible “size effect’’ observations on bulk 
single crystals. Specimens with initial cross sections greater 
than 10 mm? were reduced in area by etching between succes- 
The electron mean free path estimated 
is about 1 mm. 


sive measurements 


from the “‘size effects’ 


‘ELH 

?From Dr. A. L 
Laboratories 

1). KE. Kunzler and S. k 


Sondheimer, Advances in Phys. 1, 1 (1952). 
Schawlow and Dr. H. FE. Bommel, Bell Telephone 


Haszko (to be published 


LAS. Electrical Resistivity of Au; at Low Temperatures. 
Hirosut Sarto, Ford Motor Company.—AusCu shows ano 
malous behavior in the electrical resistivity at room tempera 
ture in that the ordered alloy has a higher resistivity than the 
disordered one.’ Since the temperature coefficients of the 
resistivity of both alloys are, on the other hand, nearly the 
same temperature range, this anomalous behavior would give 
one the impression that even the residual resistance of the 
disordered state might be lower than that of the ordered state 
The resistivities of samples with different degrees of order have 
been measured between 4°K and 300°K along with experi 
ments directed to elucidate the electronic structure of this 
alloy. A specimen is first quenched from 600°C in water to ob- 
tain the disordered state and then annealed at 185°C for 
different lengths of time to obtain the ordered state, and the 
resistivity-temperature curves are taken for each state. It is 
found that in the region of residual resistance, the resistivities 
of annealed states are indeed lower than that of the quenched 
state and, therefore, the resistivity-temperature curves cross 
each other. The ratios of resistivities at 4.2°K and 298°K turn 
out to be 0.766 and 0.699 for quenched and well-annealed 
states, respectively. 


iM. Hirabayashi, J. Phys. Japan 6, 129 (1951), 
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LAO. H. vs T Curves for Isotopically Enriched Lead Speci- 
mens.* R. R. Hake, D. E. Marorner, anp D. L, Decker, 
Unwersity of Illinois.—-Measurements of the isotope effect in 
superconducting Pb' have been extended to about 1.3°K to 
study the validity of the “similarity principle’ for this ele- 
ment. The data fulfill the expectations of the similarity prin- 
ciple up to critical fields of about 350 gauss. For critical tields 
greater than this value a marked deviation from “similarity” 
is observed, the separation between the //, values for different 
specimens measured at the temperature imcreasing 
sharply as the measuring temperature is reduced. Although 
the anomalous shift in //, is in the direction to be expected on 
the basis of the relative isotopic masses of the specimens, the 
magnitude is much greater than it should be on the basis of the 
M4 dependence which fits the data near 7. Our latest measure- 
ments suggest that this anomalous behavior is related to some 
factor other than the average isotopic mass of the specimen, 
but, at present, its origin is unexplained. 


‘ 


same 


* Partially supported by the Office of Ordnance Research, UL S 
'Hlake, Mapother, and Decker, Phys. Rev. 104, 549 (1956 


Army 


LA7. Low-Temperature Thermal Expansion of Copper.* 
R. W. BaLLurrel AND R. O. Simmons, University of Illinois. — 
The lattice expansion of high-purity single erystal copper has 
been measured in the range 8° to 102°K using an oscillating 
back reflection x-ray diffraction method. The shift of a high 
Bragg angle (400) reflection was measured at a distance of 78 
cm using film. Relative expansions <1 10> were detectable 
The results disagree with previous values obtained by a sensi- 
tive but not absolute method! (capacitor dilatometer) but 
with using a different 
absolute method? (Fizeau interferometer). These data are of 
interest in the theory of lattice vibrations 


substantially agree measurements 
Correlation of 
thermal expansion and specitic heat using Gruneisen theory 
has been used to show both an increase’ and a decrease’ in 
Gruneisen 7 at lower temperatures, in aluminum and copper, 
respectively 
et al? indicate no variation in 7 outside realistically assigned 
experimental error (which for example could conceal 20% 
decrease in y at 40°K where the linear thermal expansion 


coefficient is about 2.2% 10° per degree). 


rhe present results in agreement with Rubin 


* Work supported by the U.S. Atomic Energy Commission 
'D. Bijland H. Pullan, Physica 21, 285 (1955 

* Rubin, Altman, and Johnston, J. Am. Chem. Soc. 76, 5249 
* Figgins, Jones, and Riley, Phil, Mag. 1, 747 (1956) 


(1954 


LA8. Low-Temperature Thermal Conductivity of Copper 
and Copper Alloys. Ronert L. Powerit anp Hans M. Roper 

The thermal conductivities of 
dilute alloys have been measured between 4° and 120°K. The 
conductivity of the purest specimen (Asarco, 99.999%) had a 
maximum at 10°K of about 140 w/em°K, more than twice as 
high as any previously measured copper. By assuming (1) that 
the total electronic 
consists of two additive terms, due to intrinsic 
imperfection scattering, respectively; and (2) that the im- 
perfection scattering resistance is inversely proportional to the 


copper and several of its 


thermal resistance of a given specimen 
lattice and 


temperature ; the intrinsic lattice resistance can be calculated 
However, tentative results indicate that the two components 
are not strictly additive in a specimen of very low imperfection 
scattering. It was also found that the intrinsic resistance varies 
appreciably with a change of imperfection scattering due to 
changes in chemical purity. The exponent of the temperature 
dependence varied from 1.71 to 2.54; the constant coefficient 
varied from 1.2 K10~4 to 3.51 10° (in both cases the latter 
figure refers to the highest purity). Changes in imperfection 
scattering due to minor changes in physical structure did not 
appreciably change the intrinsic resistance 


LA9. Low-Temperature Thermal Conductivity of Poly- 
crystalline Graphite and Boron Nitride. J. 1. Mrrers ann 
J. C. Bowman, National Carbon Company.*—-Thermal con- 
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ductivity measurements of polycrystalline graphite and boron 
nitride have been made from 20°K to 273°K using an apparatus 
similar to that used by Tyler and Wilson.! A Linde single cry- 
stal sapphire rod was measured for the purpove of calibration 
and good agreement is obtained with the results of Berman.” 
In the temperature range 20-50°K two graphite samples, 
which were prepared by pyrolytic deposition, exhibit the 
expected 7? dependence of thermal conductivity predicted by 
the specific heat. The polycrystalline samples have a depend- 
ence which is greater than 7? for this temperature range and 
the boron nitride shows thermal conductivity behavior similar 
to graphite. 


'W.W. Tyler and A. C. Wilson, Jr., Phys. Rev. 89, 870 (1954). 
2 Herman, Foster, and Ziman, Proc, Koy. Soc. (London) 231, 130 (1955). 


LA10. Normal Fluid Densities of Dilute Solutions of He? in 
Het.* R. Dean Tayitor ann J. G. Dasu, Los Alamos Scientific 
Laboratory. The method of Andronikashvili has been em- 
ployed to determine the density of the normal fluid of solutions 
containing 3.8, 6.6, and 11.0 mole percent He* over the range 
1.3°K to the lambda transition temperature of each solution. 
Normal fluid densities, relative to pure Het, are described to 
within the experimental accuracy by a single analytic equation 
over the entire range of concentration and temperature studied. 


nm, HE, 


AND N 


This representation may be broken up into a term due to the 
Het in solution and one due to the He’. This effective hydro- 
dynamic density of He* is shown to increase linearly with the 
density of superfluid present, in qualitative agreement with a 
model given by Feynman. The solution lambda points are 
depressed as the 4 power of the mole fraction of He* present. 


* Work performed under the auspices of the U. S. Atomic Energy Com 


mission, 


LAI1. Viscosity 9, of the Normal Component of Liquid 
Helium in Narrow Channels.* K. R. Atkins, University of 
Pennsylvania.— Recent of m, from thermal 
conduction in channels of width of the order of 10~¢ cm yield 
values which are in order of magnitude agreement with other 
measurements above 1.5°K, but do not show a rapid rise be- 
tween 1.5°K and 1°K. This will be interpreted in terms of the 
Landau-Khalatnikov? theory which predicts that, at 1.1°K, 
the roton mean free path is about 2*10~* cm, whereas the 
phonon mean free path is about 5X 104cem. Thus, in a channel 
of width 104 cm the roton contribution to the viscosity is 
normal, but the phonon contribution is diminished by Knud- 


measurements! 


sen effects. 


* Supported by the National Science Foundation, 
' van Groenou, Poli, Delsing, and Gorter, Physica 22, 905 (1956). 
1 Landau and Khalatnikov, J. Exptl. Theoret. Phys. 19, 637 (1949). 
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(L. A. Woop presiding) 


High-Polymer Physics, III 


Invited Papers 
M1. Configuration and Conformation in Crystalline Polymers. RK. . HuGues, University of Penn- 


sylvuania, (45 min.) 


M2. Kinetics of Spherulite Growth in High Polymers. B. B. BurNerr ano W. F. McDevir, £. J. 


du Pont de Nemours and Company. (45 min.) 


M3. Theory of Elastic Behavior of Fibrous Polymers. I. J. FiLory, Cornell University. (45 min.) 





FRIDAY AFTERNOON AT 2:00 


Physical Sciences, Room A-1 


(J. D. PERRY presiding) 


High-Polymer Physics, IV 


Invited Paper 


N1. Viscoelastic Phenomena in Crystalline Polymers. A. \V 


(45 min.) 


Ponoisky, Princeton L'niversity 


Contributed Papers 


N2. Crystallization and the Stress-Strain Properties of 
Natural Rubber. K. W. Scort, The Goodyear Tire & Rubber 
Company.—The point of initial detection of crystallinity was 
studied for a natural rubber gum vulcanizate stretched at 
various temperatures. The stress-strain properties of this gum 
vulcanizate at 25 100 and 120°C are almost identical up to 
700% elongation, with the inflection point in the stress-strain 


curve occurring at 300% elongation. The point of initial de- 
tection of crystallinity in this work corresponds to the detec- 
tion within 2 minutes after stretching of 2% crystallinity by an 
x-ray technique. The 
elongations observed for the initial detection of crystallinity 
at 25 and 100°C are about 480 and 670%, respectively. These 
results indicate that the inflection point in the stress-strain 


spectrometer proportional counter 














curve of crystallizable elastomers may not be directly related 
to the crystallization phenomenon. ‘These results are pertinent 
to the question of whether crystallinity is the major factor 
responsible for the rapid up-swing in the stress-strain curve of 
crystallizable elastomers. 


N3. Lattice Energy of Crystalline Polyethylene. Frep W. 
BILLMEYER, JR., du Pont Experimental Station. ~The heat of 
sublimation of linear paraffin chains from the crystalline form 
to the gas at 0°K was calculated from heats of fusion, heats of 
vaporization, and heat capacities of solid, liquid, and gaseous 
hydrocarbons. The heat of sublimation, which is the lattice 
energy of the crystalline phase of polyethylene, is 1.88 kilo- 
calories per mole of CH» groups 


N4. Some Properties of Networks Formed from Oriented 
Polymer Chains. 1). EF. Roperrs and L. MANDELKERN, 
National Bureau of Standards.—TYie isotropic length, the iso- 
tropic melting temperature, and the swelling behavior are 
compared for natural rubber networks formed by the random 
cross-linking of highly oriented chains and for the usual type 
of network formed from chains randomly arranged, The 
oriented state was achieved by a “racking process" and the 
cross-linking accomplished by y-ray irradiation. The ratio 
of extended length to retracted length was about eleven and 
cross-linking in the oriented crystalline state was found to be 
twice as efficient as in the amorphous state. The isotropic 
length of the networks formed from racked rubber increased by 
a factor of two and a half in these experiments. At higher cross 
linking densities the length is proportional to the square root of 
the number of cross-links in accordance with the recent theo 
retical predictions of Flory.’ Also in accord with theory is the 
fact that at all levels of cross-linking the isotropic melting 
temperatures of networks formed from oriented’ chains are 
greater than that for the usual networks. The swelling be 
havior in benzene of the different networks was studied and 
the quantitative relations between swelling ratio and cross 
linking are different in the two cases. 


1P. J. Flory, J. Am. Chem. Soc, 78, 5222 (1956), 

N5. Structure of Spherulites as Revealed by Selected-Area 
Electron Diffraction and Electron Microscopy. RK. G. Scorv, 
E. I. du Pont de Nemours and Company.— lwo-dimensional 
spherulites in thin films of the 6-6 nylon have been studied by 
selected-area electron diffraction, bright-tield and dark-tield 
electron microscopy. The electron diffraction patterns were 
found to be comparable to studies using limited area x-ray 
diffraction. Bright-field electron microscopy using images of 
unscattered electrons showed the surface morphology of the 
structures. In dark-field electron microscopy, one uses the 
scattered electrons of any desired angle and sector to produce 
a magnified image of the specimen. By using only those Bragg 
electrons scattered into limited portions of the principal rings, 
the radial growth and branching of crystallites in spherulites 
were seen. 


N6. Tridirectional X-Ray Patterns of Oriented Film at 
Wide and Small Angles. W. 0. Stratton anp Grace N., 
Goparp, E. I. du Pont de Nemours and Company, Inc. 
Drawn, oriented film of polyethylene terephthalate was 
studied by means of an x-ray diffraction technique in which the 
x-ray beam was directed in three mutually perpendicular 
directions: (1) through the film, (2) and (3) in the plane of the 
film, parallel and normal to the direction of draw. Patterns 
were obtained in each of these directions for the diffractions 
occurring at both small and large angles. This combination of 
patterns provides a picture of the film's physical structure with 
these parameters: size, orientation, and arrangement of crys- 
tallites; extent of amorphous material; shape of microvoids 
In this film the crystallites have planar orientation and are 
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60 A wide in the plane. A iong period of 135 A exists in the 
direction of draw and is comprised of 75 A crystallite length 
and 60 A amorphous material. There is evidence that the film 
is composed of lamellae about 30 A thick; these lamellae are 
stacked in a staggered arrangement such that the crystallites 
in one lamella are adjacent to the amorphous regions in the 
lamella below. The smal! angle diffraction evidence obtained 
in this study cannot be reconciled with the ‘ 
arrangement recently proposed in the literature to explain 
off-meridional diffraction spots. 


‘coiled ribbon” 


N7. Theory of Infrared Dichroism of Rubber-Like Poly- 
mers.* RicHarp S, Sremn, University of Massachusetts. A 
stretched amorphous rubber-like polymer should exhibit 
infrared dichroism, This may be theoretically calculated 
using a technique analogous to that used by Kuhn and Treloar 
to calculate the birefringence of such a polymer. At low elonga 
tions, it is predicted that the dichroism should vary linearly 
with the stress according to the equation, 


D-1 3 Me 
o 10 pNokT” 


for a vibration having its dipole moment change occurring 
perpendicular to the statistical segment axis. Dis the dichroism, 
o the stress, My the monomer molecular weight, p the density, 
No is Avogadro's number, & is Boltzmann's constant, 7 the 
absolute temperature, and ¢ is the number of monomer units 
per segment 


* Supported in part by a contract from the Office of Naval Research 

N8. Infrared Spectrum of Polystyrene. S. Kximm AND C. Y 
LIANG, Unwwersity of Phe infrared spectrum of 
polystyrene has been obtained in the region of 70 em! to 
3200 cm~!. These data, plus Raman scattering data from the 
literature, are used to make a complete assignment of the 
Phe benzene ring 


Vichipan 


normal modes of the polystyrene molecule 
modes have been analyzed in detail in terms of Cy, symmetry, 
and a set of normal vibrations has been proposed. On the basis 
of previous analyses of benzene and monosubstituted ben 
zenes, and a study of the combination bands, it has been pos 
sible to make a fairly satisfactory assigument of all of the 
benzene ring fundamentals. Assignments of the Clly, CH, and 
the skeletal modes are made on the basis of previous studies of 
spectra of high polymers 
is in agreement with other evidence that the chain configura- 


Phe interpretation of the spectrum 
tion is a random one, ie., that the polymer is amorphous 


N9. Crystalline Recovery of Quenched Polyethylene. k. | 
Coins, Phillips Petroleam Company. —The effect of time and 
temperature on the crystalline recovery of quenched Marlex* 
50 polyethylene has been investigated. Quenching thin films 
in ice water reduced the room temperature crystallinity from a 
normal value of 93% to 82%. These specimens were main 
tained at 25, 66.2, and 106.4°C, and the time variation of 
crystallinity was followed by nuclear spin resonance.* The 
crystalline recovery appears to follow the empirical formula, 
X = A+B logt, where X is the percentage crystallinity and ¢ is 
the time in hours. The rate, X, increases with temperature 
The temperature dependence of B was computed by assuming 
the rate to be controlled by diffusion in the amorphous phase 
The temperature dependence of diffusion is determined by 
nuclear spin resonance line width measurements to be exp 
¥% (—8700/RT). The rate is then X = C/texp(—8700/RT), and 
C, evaluated at 25, 66.2, and 106.4°C, is 2.241.9, 1.7405, 
and 2.140.210% This agreement is within the probable 
error, and justifies the assumption of diffusion as the rate- 
controlling factor. The result is X¥ = 2.04% 10° /thexp (— 8700 
RT) and X =A +4.70% 108 logt exp(—8700/RT) 

* A Trademark of Phillips’ family of olefin polymere 


C. W. Wilson, IIL, and G. FE. Pake, 1. Polymer Sei. 10, 504 (1953), 
*K. L. Collins, Bull. Am. Phys. Soc. Ser. I, 1, 216 (1956) 
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FrmpAY AFTERNOON AT 2:00 


Museum Auditorium 


(J. G. Daunt presiding) 


DSSP Symposium on Liquid Helium 


P1. Liquid Helium in Thin Films and Very Narrow Channels. K. R. Atkins, University of Penn- 


sylvania, (30 min.) 


P2. Vapor-Pressure Equation for Helium 3. ‘I. R. Roserts, Los Alamos Scientific Laboratory, (30 


min.) 


P3. Nuclear Resonance Experiments in Liquid Helium 3. W. M. Fairnank, Duke University. 


(30 min.) 


P4. Helium 3—-Helium 4 Thermal Rectifiers. H. A. Reicu, 1B Af Watson Laboratory. (30 min.) 





FRIDAY AFTERNOON AT 2:00 


Irvine Auditorium 


(:. BURSTEIN presiding) 


Magnetic Effects in Semiconductors and Metals 


Q1. De Haas-van Alphen Type Oscillations in the Gal- 
vanomagnetic Properties of Graphite. 1). kk. Sour, National 
Carbon Company. De Haas-van Alphen type oscillations 
were observed in the Hall effect and magnetoresistance meas- 
urements made on purified graphite single crystals at 4.2°K 
with the magnetic field oriented parallel to the hexagonal axis. 
Two periods were found in both R and Ap/po. They were 
approximately 191078 gauss"! and 1410°° gauss 
representing, apparently, the majority electrons and holes. 
These periods are roughly equivalent to those found in the 
susceptibility.) Only one of these, however, was previously 
observed in the galvanomagnetic measurements.? Also, a 
phase difference of m was observed here between FR and Ap/po 
while a value of w/4 was found before.? The low magnetic field, 
25 </1 < 1000 gauss, behaviors of the Hall coefficient at 300°K, 
77°K, and 4.2°K have been further corroborated with those 
reported previously® substantiating the existence in graphite 
of very light holes, and probably light electrons, in addition 
to the heavier majority electrons and holes. 

11). Shoenberg, Trans. Roy. Soe, (London) 245, 1 (1952). 


7, G. Berlincourt and M,C, Steele, Phys. Rev, 98, 956 (1955). 
81), Ff. Soule, Bull. Am. Phys. Soc, Ser. IT, 1, 255 (1956), 


Q2. Band Structure of Graphite and de Haas-van Alphen 
Effect. J. W. McCrure, National Carbon Company.—The 
de Haas-van Alphen eflect in the magnetic susceptibility of 
graphite! has been interpreted by applying the susceptibility 
formula for general bands of Lifshitz and Kosevich? to the 
band model of Sloncezewski.* The majority electrons and holes 
are responsible for the two periods of oscillation of the sus- 
ceptibility. The analysis yields information concerning the 
band structure: (1) the total band overlap is 0.03 ev, (2) the 
energy difference between the two doubly degenerate bands at 
the corner of the Brillouin zone‘ is about 0.025 ev, (3) yo must 
be larger than about 1.2 ev, and (4) the relation y,; =0.04y0? 
holds approximately (where both y's are in ev and correspond 
to Wallace’s® notation). 

1D. Shoenberg, Trans, Roy. Soc, (London) 245, 1 (1952), 

a1. M. Lifshitz and A, M, Kasevich, J. Exptl. Theoret. Phys. (U.S.S.R.) 
29, 740 (1955); Soviet Phys. JETP 2, 646 (1956) 

21. C, Slonevewski, Ph.D. thesis, Rutgers University (1955), 


‘1. L. Carter and J. A. Krumhansl, J, Chem, Phys, 21, 2238 (1953) 
*T, R, Wallace, Phys. Rev. 71, 622 (1947), 


Q3. A New Type of Oscillatory Magnetoresistance in 
Sodium. J. BAniskin AND P. G. SieBENMANN, U. S. Naval 
Research Laboratory. -Magnetoresistance measurements have 
been made on a thin sodium wire at 1°K in transverse magnetic 
fields (7/7) up to 60 000 gauss. The high purity sodium speci- 
men obtained through the kindness of S. B. Woods, National 
Research Council, Ottawa, Canada (0.080 mm diameter and 
After a slight increase 
~300 gauss, the magnetoresistance due to 


11 mm long) was ina soft glass capillary 
to a maximum at 
surface scattering! (which is superimposed upon the slowly 
increasing bulk magnetoresistance) decreased rapidly. How 
ever, before the bulk magnetoresistance predominated com 
pletely at ~15 000 gauss, the surface magnetoresistance ex 
hibited a damped oscillatory behavior with minima at ~3500, 
8000, and 12 500 gauss. This new oscillation differs completely 
from the de Haas-van Alphen type in periodicity and damping 
and is apparently of the type theoretically predicted? for thin 
films in dr. The bulk magnetoresistance tends towards 
saturation at higher fields. Even with 0.03% resolution in H 
and in amplitude, there was no indication of a de Haas-van 
Alphen type of oscillatory magnetoresistance’ at 60 000 gauss 


1956 


G. K, White and S, B. Woods, Phil. Mag (8) 1, 846 
I. H. Sondheimer, PI Re 80, 401 (1950 


\ 
’ 
J wt and M. C, Steele, Phys, Kev. 98, 956 


I. G. Berlines 1955 


Q4. Theory of Cyclotron Resonance Absorption by Con- 
duction Electrons in Indium Antimonide. RicHarp F. WaALLis, 
U.S. Naval Research Laboratory.—A quantum theory of cyclo 
tron resonance absorption has been developed to provide a basis 
for interpreting the experimental data for conduction elec- 
trons in indium antimonide. It is assumed that the conduction 
band is a simple band with minimum at k 
are neglected. The energy levels and wave functions of a con- 


0. Spin interactions 


duction electron in a constant magnetic field were computed 
to fourth order using a simplified form of the effective mass 
equation of Kjeldaas and Kohn.' An expression for the ab 
sorption coefficient has been calculated to fourth order which 
incorporates collision broadening using a single relaxation 
time. The fourth-order terms lead to a series of absorption 
peaks each being broadened to the low-energy side. The pres- 
ence of more than one peak is due to the variation with initial 


state of the energy separation between initial and final states 
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at k,=0, where , is the electron propagation constant in the 
direction of the magnetic field. The broadening arises from the 
dependence of this energy separation on k,. Certain fourth 
order terms arising from a warping of the conduction band 
make third harmonics allowed. 


' Kjeldaas and Kohn 
Research Laboratories 


Scientific Paper 60-94439-1-P4, 


Westinghouse 


Q5. Theoretical Optical Absorption Cross Sections for 
Interband Magneto-Optical Effects in Semiconductors. F. J. 
Biart, Michigan State Uniwersity and Naval Research Labora- 
tory, AND R. F. WaLLIs AND E. Burstretn, Naval Research Lab- 
oratory.— Transition probabilities have been calculated for 
vertical optical transitions between valence and conduction 
band levels subject to orbital quantization by the action of an 
externally applied magnetic held. It the 
valence and conduction bands are nondegenerate and have 
extrema at k=0 
out to second order, was used to obtain suitable wave functions 
which involve Bloch functions at k =O and the familiar wave 
field 

The 


calculations give certain selection rules, polarization effects, 


was assumed that 


The effective mass approximation, carried 


functions for a free electron in a constant magnetic 


Effects arising from spin-orbit coupling were neglected 
and intensity rules which involve the magnetic quantum 
number l. These results sould have fairly general validity even 
though the simplifications employed preclude strict application 
to actual semiconductors such as InSb and Ge. 


Q6. Oscillatory Magneto-Absorption of the Direct Transi- 
tion in Germanium.* S. ZWweRpLiInG AND BENJAMIN LAX, 
Lincoln Laboratory. Vhe infrared transmission through single 
crystal specimens of intrinsic germanium ~4 wand ~7 yg thick 
displayed oscillatory behavior in de magnetic fields up to 
36 000 gauss, at photon energies in excess of 0.8 ev. The ose il 
lations exhibited detinite anisotropy with the magnetic field 
oriented along the (100), [111], and [110] crystal directions 
Each absorption maximum associated with a transition be 
tween the various Landau levels in the conduction and valence 
bands showed linear behavior with photon energy as a function 
of magnetic field. From this plot the energy gap of the direct 
transition was evaluated as 0.803 +-0.001 ev at room tempera 
ture.’ The effective mass of the electron in the I'yconduction 
~0.042 my 


from cyclotron resonance® is ~0.034m6 


band was found to be The theoretical prediction 


* The research reported in this document i ipported jointly by the 
Army, Navy, and Air Force, under contract h the Massachusetts [1 
stitute of Technology 

1W.C. Dash and R. Newman, Ph Ke 909, 1151 (1955 uote ORL e 
at 300°K 

2 Dresselhaus, Kip, and Kittel, Phys. Rev. 98, 4608 (1955 


Q7. Oscillatory Magneto-Absorption in InSb and InAs.} 
BENJAMIN Lax, S. ZWERDLING, AND Laura M. Rovn, 
Lincoln Laboratory.— Transmission in fields up to 36 000 gauss 
through polycrystalline InSb and InAs of ~10 yw and ~36 uw 
thick, respectively, displayed oscillations at photon energies 
above the energy gap.’ The behavior of the two prominent 
absorption maxima which occur for InSb from 5-7 w suggest 
direct transitions between the conduction and small 
bands? (This the 


maximum represents a transition between the conduction and 


mass 


valence contrasts with Ge, where first 


large mass valence bands.) The shift of the first maximum with 
magnetic field gives ~0.17 ev for the room temperature direct 


~0 O02 me 


Less intense absorption peaks pe rhaps associated with indirect 


transition gap, and a small hole effective mass? of 


transitions were also observed in InSb. For InAs, oscillations 
were observed from 3-3.5 yw. Only the first maximum was re- 
solved due to sample thickness. Experimental results on very 
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thin samples of InAs and oriented single crystals of InSb will 
also be presented. 


t The research reported in this document was rted jointly by the 


sun popn 
Army, Navy, and Air Force under contract with the Massachusetts In 
stitute of Technology 

' Oscillatory magnetoabsorption was reported concurrently by EF. Bur 
stein for InSb and by Benjamin Lax for G at the Semiconductor Sym 
posium, Washington, D. C., October, 1956 

'E. O. Kane predicted a small hole mass of 0.0155. Bull Am. Ph 
Soe, Ser. 11, 1, 299 (1956) 


Q8. Theory of the Oscillatory Magneto-Absorption in 
Semiconductors.* Laura M. Rorn, Bexyamin Lax, anno S 
ZWERDLING, Lincoln Laboratory. Vhe theory of the oscilla 
tory ellects of the optical magneto-absorption in semiconduc 
tors has been studied, using the effective mass approximation 
For two simple bands separated by an energy gap and having 
masses m, and my, the absorption consists of a seri 
separated by an energy AL = (he/l/)L A/mm) +1 
selection rule for direct transitions in An «G6, Aky . 
is the quantum number for the Landau levels in each band and 


sol masimna 
lhe 


O, where 


Me) 


ky, are the wave number components for the particular gauge 
that of germanium, 
the situation is more involved, and the theory of Luttinger and 
Kohn! as modified by Luttinger? was used 
dict 
as observed experimentally,’ (2) tine 


used, For a complex valence band such a 


The results pre 
(1) unequal spacing of levels for low quantum numbers, 
tructure of the absorp 
tion maxima which should be resolvable at low temperatures, 
The theory 
compared with experiment for germanium, and the principle 
will also be applied to InSb and InAs# 


(3) anisotropy of absorption maxima will be 


* The research reported in th locument ‘ upported joint boy the 
\in Na md At Force, under contract with the Massachusetta In 
titute of Technolog 

1. M. Luttinger and W. Kohn, Ph Rev. 97, 869 (1955 
2). M. Luttinger, Ph Ke 102, 1080 (1956 
'S. Zwerdling and HB. Lax; Lax, Zwerdling, and Koth (preced 


ibstracts 


Q9. Mobility of Electrons in Magnetically Produced Im- 
purity Bands. R. J. SiapeK, Westinghouse Research Labora 
tories InSb at 
electrons 


Application of a strong magnetic field to n 
the 
energy states below the conduction band. kvidence that some 


liquid helium temperatures lowers some of 


electrons leave the conduction band and go, presumably, into 
such impurity states has been found experimentally as a sharp 
Hall coethcient with field strength at 
In addition, 4 maximum occurs in the Hall coeth- 


mcrease tn Hag netic 
high fields 
cient as a function of temperature for a tixed, strong magnetic 
field indicating that electrons in impurity states have a tinite 
mobility.’ In order to determine the mobility of these impurity 
band electrons, we have measured the electrical resistivity and 
Hall effect as a function of temperature and magnetic treld 
strength up to 28 000 gauss in several n-type InSb samples 
Our results indicate that the impurity band electron mobility 
varies as exp ~r?/2ay?} where r, is 4 the spacing between 
donors and ay is the radius, perpendicular to the magneti« 
field, of the wave function of an electron localized around a 
donor ion as given by the theory of Yafet, Keyes, and Adams.* 


‘RK. J. Sladek, Bull, Am. Phys. Soe, Ser, 11, 1, 332 (1956) 
*Vafet, Keyes, and Adama, Internatl J. Phys, Chem, Solids 1, 137 
(1956 


Q10. Magnetoresistive Behavior of PbS, PbSe, and PbTe. 
Rosert S. Avicarer, U.S. Naval Ordnance Laboratory and 
Uniwersity of Varyland, anv’ Wayskt W. SCANLON, [ S 
Naval Ordnance Laboratory. We have studied the magneto- 
resistance of about 15 samples of PbS, PbSe, and Pb Te at 
77.4°K and 4.2°K. The sample current was parallel to a cubic 
all cases. At 77.4°K the closely followed the 
phenomenological small field theory ; i.e., the resistance change 


axis it ample 
was proportional to //*, and for constant magnetic held varied 
as si?0, 0 being the angle between sample current and field 
At 4.2°K, saturation occurred at about 2000 gauss in several 
samples, and unusual effects appeared in the angular behavior 
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At both temperatures the longitudinal magnetoresistance was 
generally larger than the transverse, 4 times larger in some 
cases. Because of the high mobility values (as high as 750 000 
com*/v-sec) occurring in the samples at 4.2°K, the resistance 
change in some cases was several times as large as the zero 
field resistance, despite the fact that the samples are highly 
degenerate at this temperature. 


Ql1. Effects of Ionized Impurity Scattering on the Mag- 
netoresistance in Germanium.* Rh. K. WILLARDSON AND A. C. 
Bier, Battelle Memorial Institute. The transverse magneto- 
resistance effect is analyzed in the region where the scattering 
mechanism involves both lattice vibrations and ionized im- 
purities. The doubly degenerate valence band model is used, 
with neglect of the warping of the heavy mass band. Effects of 
anisotropy are investigated by using an ellipsoid model repre- 
sentative of the conduction band, Results are given in terms 
of impurity scattering parameters, 6 @ayu,/us, representative 
of each band. The factor 6, often used in impurity scattering 
formulas and obtained by maximizing the noniogarithmic 
factor in the integrand of the conductivity transport integral 
in the limit of impurity scattering only, is replaced by a. This 
parameter is then determined separately! for each value of 
wi/ur as well as for the Hall and the conductivity transport 
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integrals. Results are compared with data for specimens with 
acceptor concentrations ranging from 10 to 10'*/cm’ and at 
temperatures between 50 and 300°K. Experimental mobility 
values were obtained using the strong magnetic-field limits of 
the Hall coefficients and the zero-field conductivities 

* This research was supported by the U.S. Air Force, through the Office 


of Scientific Research of the Air Research and Development Command 
1K. Mansfield, Proc. Phys. Soc. (London) B69, 862 (1956 


Q12. The Effect of Impurity Scattering on the Magneto- 
resistance of Germanium. Maurice GLIcksMAN, RCA Labor- 
atories.—Measurements of magnetoresistance and Hall effect 
have been made on samples of germanium of varying impurity 
concentrations different that the 
scattering ranged from almost all due to the lattice to almost 
all due to ionized impurities. If the data in the low-field region 
are analyzed, using the known band structure, to calculate 
W = (m,/m,)(17;./7;),' we find that W decreases as the impurity 
We find W=12 for p/ut~1, 
decreasing to W=3 for p/u, =0.08. This variation is to be 
expected for the anisotropic impurity scattering calculated by 
Ham.? 


and at temperatures so 


scattering becomes dominant 


'C, Herring and E 


Vogt, Phys. Rev. 101, 944 (1956 
*F. Ham, Phys. Rev 5 


100, 1251(A) (1955 





FRIDAY AFTERNOON AT 2:00 


Physical Sciences, Room A-2 


(W. F. G. Swann presiding) 


Nuclear and Theoretical Physics 


R1. Conversion Efficiency of Scintillation Phosphors.* W. J. 
Van Sciverk AND L. BoGart, Levinthal Electronic Products, 
Inc. Conversion efficiencies (emitted useful light’ energy 
divided by exciting particle energy) have been reported! for 
several scintillation phosphors. Variations in results (e.g., 1% 
to 10% for anthracene) indicate the desirability of a more re- 
liable measuring procedure. A method which has given accur- 
ately repeatable results uses (1) a calibrated thermopile and 
monochromator to measure photomultiplier cathode sensi- 
tivities and (2) a light pulser tube and an electrometer to 
determine photoelectrons per scintillation pulse. In the latter 
step an RCA C-73687 light pulser tube is substituted for the 
phosphor in a typical scintillation counter setup. Its intensity 
is adjusted to give pulse height equivalent to that of the Cs! 
photopeak. Finally the photomultiplier cathode current is 
measured with the electrometer. The current divided by pulse 
rate is photocathode electronic charge per pulse. Combination 
of this value with cathode efficiency and primary particle 
energy yields the phosphor's conversion efficiency. For a 1 in. 
1 in. Harshaw Nal (TI) crystal with MgO smoked reflector 
and DC200 fluid optical coupling the value 14.140.7% is 
obtained. 


* This work was supported in part by the U.S. Atomic Energy Com. 
mission. 

'R. Hofstadter and J. MeIntyre, Phys. Rev. 78, 617 (1950); 80, 631 
(1950); J. I. Hopkins, Rev, Sei, Instr, 22, 29 (1951); F. B. Harrison, 
Nucleonics 10, No. 6, 40 (1952); Furst, Kallmann, and Kramer, Phys. Rev. 
89, 416 (1954); J. B. Birks and M. Fk. Srendrei, Phys. Rev. 91, 197 (1953). 


R2. Speculation on Mechanism of Bubble Chamber. Frep- 
erick Seirz, University of Illinois.-The operation of the 
bubble chamber appears to be related to the processes of 
radiation damage in solids. Under the conditions of super- 
heating normally employed for the hydrocarbons the critical 


bubble diameter is near 10-* cm. Three components of energy 
enter into the formation: (1) surface energy; (2) heat of sub- 
limation of contained gas; (3) work to push back liquid rapidly. 
Each of these terms appears to be of the order of 1 kev under 
the conditions described by Glaser et al. Thus the bubbles 
presumably should be associated with electron or displacement 
spikes involving a threshold energy near 1 kev. Displaced 
electrons and atoms having energies near this limit behave 
similarly, the former losing energy by electron excitation, the 
second by Coulomb encounters with nuclei, initially under 
conditions of moderately weak screening. The ranges are com- 
parable, although angular scattering is very large and probably 
very important for localization of energy. Since electron excita 
tion by charged incident particles is much more probable than 
atomic displacement for a given threshold enegry, it appears 
most likely that the overwhelming fraction of bubbles is related 
to electron excitation. The threshold energy is much lower for 
liquid hydrogen than for a typical hydrocarbon 

1955 


Glaser 


Phys. Rev. 97, 474 
1956). 


1D. A. Glaser and D. C. Wahm 
Wahm, and Dodd, thid. 102, 1653 


R3. Low-Energy Pi Mesons Associated with High-Energy 
Events.* A. G. Barkow AND B. CHaMany, Marquette Univer 
sity.—Two high-energy events accompanied by low-energy x 
mesons were found in cosmic-ray plates. One event is the 
breakup of either N; or Og into three alpha particles and a 
proton of energies around 1 Bev/nucleon, and a #* meson of 
energy 8.1 Mev. In the c.m. system the * meson is projected 
backwards with an energy of 200 Mev, while the energies of 
the other particles were less than 5 Mev/nucleons. The 
second event is a possible alpha-nucleon interaction resulting 
in a jet consisting of 9 mesons, one x and one photon producing 


+ 
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electron pairs, three low-energy mesons, two of which are x 
and one is a r*, and three protons. Preliminary measurements 
by scattering and grain count indicate energies greater than 
one Bev for the mesons, and 3-25 Mev for the low-energy 
mesons. Results of angular distribution measurements! in the 
center-of-mass system will be reported. 

* Work supported by the National Science Foundation. 

! Debenedette, Garelli, Tallone, and Vigone, Nuovo cimento 4, 
(1956) 
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R4. Gamma Rays of As”’.* V. S. Dunpryt anp C. E 
MANDEVILLE, Bartol Research Foundation. -The quantum 
radiations of As*’ have reexamined by scintillation 
counting methods. The previously reported soft radiations 
near 30 kev are indeed found to be a bremsstrahlung effect as 
recently noted By measurements, a 
gamma ray of energy 280 kev is shown to be definitely present 


been 


careful coincidence 


in the disintegration scheme 


* Assisted by the joint program of the Office of Naval Research and the 
U.S. Atomic Energy Commission 

t On leave of absence from Agra College, Agra, India 

iH. Langevin, |. phys. et radium 16, 248 (1955 


RS. Q-Value Measurements for Chlorine and Aluminum.* 
W. C. Porter, M. A. RorumMan, AND D. M. VAN Patrer, 
Bartol Research Foundation. —-Nuclear reaction energies have 
been measured using a double focusing magnetic spectrom- 
eter. The major source of error for the previous determinations 
of the Cl**(p,a)S® and Cl*"(p,a)S5® ground-state Q values made 
at this laboratory! was associated with a nonlinear calibration 
curve for the spectrometer. This nonlinearity has been re 
duced by a factor of >4, and the two reaction energies have 
been remeasured as 1.8604-0.005 and 3.028+4-0.006 Mev, in 
better agreement with the M.I.T. results.? As a check on the 
reliability of the determinations, two AF’?(p,a)Mg™ groups 
were observed, with measured Q values of 1.596 40.006 and 
0.2304-0.005 Mev, corrseponding to the ground state of Mg” 
and the first excited state at 1.36640.006 Mev. A further check 
was provided by the observation of six AP?’ (p,p)AP’ inelastic 
groups, corresponding Al?’ levels at 0.8424-0.003, 1.013 
+0.003, 2.205 40.004, 740.004, 2.975 40.004, and 2.998 
+ 0.004 Mev. All these results appear to be in good agreement 
with previous measurements.* 


to 
2.7 


* This research was supported by the U.S. Air Force, through the Office 
of Scientific Research of the Air Research and Development Command 
'Van Patter, Swann, Porter, and Mandeville, Phy Rev, 103, 656 
(1956 
?Endt, Paris, Sperduto, and Buechner, Phys. Rev 
*Dunahue, Jones, McEllistrem, and Richards 
1953); Browne, Zimmerman, and Buechner, thid, 96, 725 


103, 961 (1956 
Phys. Rev. 89, 424 
1954 


R6. Photoneutron Reactions in F'’ and N'* Near Threshold. 
W.L. Bennet, Naval Research Laboratory. |v order to check 
the validity of equating Q-values of photoneutron reactions to 
observed thresholds, corrected to the center-of-mass system, 
we have irradiated two elements with similar threshold ener 
gies. Hollow cylinders of Teflon and melamine were bombarded 
with 10.2- to 11.3-Mev bremsstrahlung from the NRL 22-Mevy 
betatron. The F'* and with a 


cylindrical Geiger counter, surrounded by 


\ activities were detected 
an anticoincidence 
ring of counters to reduce the background. The photoneutron 
threshold of nitrogen was found to be 155425 kev above that 


Mass tables! indicate a difference of 143 kev. The 


of fluorine 
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fluorine activation curve shows a sharp break 724 20 kev above 
threshold. This break corresponds to a F® level about 69 keyv®* 
above threshold, observed in the O'(pn)F reaction. We 
the VY values for 


conclude that the observed thresholds are 


these reactions. 
Mattauch ef al, Ann. Rev. Nuclear Sci, 6, 179 (1956 


i 
sti Mark and C, Goodman, Phys. Rev. 101, 768 (1956 
*H. A. Hilland J. M. Blair, Phys. Rev. 104, 198 (1956 

R7. Electron Mass as the Natural Unit of Mass for Nuclei. 
Enos E. Wrrmer, University of Pennsyloania Phe most ac 
curate atomic masses appear to be those published in three 
articles in 1956 by Quisenberry, Scolman, and Nier. These 
seem much better than those obtained from nuclear reaction 
energies. If we suppleme nt these tables with four values cal 
culated from those of Quisenberry ef al. by atomic mass ditter 
ences taken from the tables made from nuclear reaction energies 
and one value, Li’, taken from the latter tables, we can show 
that the nuclear masses of Li’, Be’, C!, CC®, OF FY) and 
My* are remarkably close to integers in terms of the rest mass 
of the electron, m, provided m is 0.000 548 771 241 amu. The 
nuclear mass of Zn is (121 967.037 40.013)m, Although this 
value is not remarkably close to an integer, future measure 
ments might bring it into that category Phe most accurately 
measured of these nuclear masses, such as H', BY, N'* O' and 
O" are integral multiples! of m/256 within the limits of present 
accuracy. ‘In addition a small number of nuclear reaction 
energies that are measured accurately enough to test the 
latter idea seem to be in harmony with it. 
1954), 95, 610 (1954 


kk. kk. Witmer, Phys. Kev, 95, 667 


R8. Use of a General Virial Theorem with Perturbation 
Theory. W. J. Carr, Jr., Westinghouse Research Laboratories. 

If the Hamiltonian of a system is broken up into a series of 
homogeneous operators in the space coordinates, the sum of 
their mean values multiplied by the degree of homogeneity 
equals zero for a bound state. Assume that the Hamiltonian 
contains three groups of homogeneous terms: for example, 
kinetic energy, Coulomb energy and a third interaction, U’, 


which is small. By the “virial” theorem, the energy can be 
expressed in the mean values of any two of these terms. From 
perturbation theory, another relationship is derived which 
allows various orders of the energy to be obtained from the 
mean Value of any one of the three terms of the Hamiltonian 
Tank a, is the ath 


detined hy BE 


where EF, 


ZE. 


The perturbation relation is 
order correction to the energy, 


R9. Generalization of Good's Hamiltonian Formalism for 
Fields. HANS Freistapt, Newark College of LEngineering 
\ canonical formalism for relativistic tield theory is proposed, 
in which the Hamiltonian density is a tensor of second rank 
rather than a scalar, The formalism is otherwise very similar 
to that of Good, over which it has some formal advantages, 
especially in the construction of quantum mechanical Poisson 
Brackets. As an illustration, the free Klein-Gordon and Dirac 
fields are worked out 


1954). Juet before submitting this 


hereby 


K. Hi, Good, Ir., Ph Kev. 93, 249 
sbetract, the author received a letter gratefully acknowledged 
from which it ie evident that Good had already developed this formaliam 
ways further than the present author, though without considering 


n me v 
had not published it 


mtization) but unfortunately 


Post-Deadline Papers, If Any 
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FRIDAY AFTERNOON AT 2:00 


Houston Hall Auditorium 


(W. T. Reap presiding) 


Dislocations and Allied Topics 


RAI. Effect of Cold Work on the Spectral Reflectivity of 
CsCl-Type Alloys. 1. Mutpawer, Temple University and 
Ford Motor Company.--Many CsCl structure alloys are nor- 
mally strongly colored but tend toward silver-gray upon cold 
working. The normal color is regained as a function of time 
even when the specimen is not in contact with air. This color 
recovery is presumably associated with the mechanical re- 
covery of such alloys which occurs at room temperature. 
Spectral reflectivity curves show that cold working is similar 
to increased temperature in some respects. In #-brass, the 
reflectivity minimum disappears, the steepness of the reflec- 
tivity edge lessens, and the difference in reflectivity on either 
side of the edge decreases. Similar effects are seen with B-AgZn, 
B-AgCd, and p-AuZn, Inasmuch as the strain produced by cold 
work is extremely inhomogeneous, it should be expected that 
the reflectivity edge would be smeared out. The possible nature 
of this effect will be considered. 


RAZ. Dislocation Densities in Super Pure Aluminum. L. 
VASSAMILLET AND R. SmoLucnowsk1, Carnegie Institute of 
Technology.*—-Density of dislocations can be determined by 
studying the detailed structure and shape of monochromatic 
diffraction spots.’ This method has been applied to a study of 
the nature of cold work introduced in single crystals of super 
pure aluminum (99.9999 +%) by a machining operation. The 
density of dislocations has been measured as function of dis- 
tance from the surface and its change during the process of 
annealing has been observed. A speculation is made as to the 
mechanism of deformation and as to the array of dislocations 
thus introduced. The relative amounts of screw and edge 
components are estimated and the results are compared with 
internal damping studies made by Mr. Chambers on the same 
crystals (see following abstract). 

* Research supported by a U. S. Atomic Energy Commission contract, 


1 Lambot, Vassamillet, and Dejace, Acta Metallurgica 1, 711 (19534) and 
3, 150 (1955). 


RA3. Dislocation Damping on 99.99% Pure and Zone- 
Refined Aluminum Single Crystals. Rt. SmMoLUuCcHOWSKI AND 
R. H. Cuampers.*f—Single crystal damping samples were 
made from 99.99% pure aluminum and from aluminum which 
was zone-refined (by W. Tiller of the Westinghouse Research 
Laboratories). Perfection of the heavily etched crystals was 
determined by L. Vassamillet by x-rays (see preceding ab- 
stract). Kilocycle internal friction and Young's modulus of the 
two sets of crystals was measured as a function of amplitude 
and thermal history. Granato-Liicke' plots show deviation 
from theory at low strain amplitudes and a reasonable fit for 
amplitudes between 5X 1077 and 5X 10~*. The fit is remarkably 
good in the zone-refined aluminum considering the very small 
impurity concentration, Zone-refined aluminum, however, 
shows much poorer fit above 5X10~¢ than is found in the 
99.99% aluminum; it gives also a larger dislocation loop 
length than the 99.99% aluminum, as is to be expected. In 
both cases the dislocation density appears to be several orders 
of magnitude smaller by comparison with values for relatively 
undeformed crystals. 


1955 


* National Carbon Fellow, 1951 
S. Atomic 


t Supported in part by a U 


contract. 
1A. Granato and K, Licke, J. Appl. Phys. 27, 583 (1956). 


Energy Commission research 


RA4. Time-Dependent Damping Phenomenon in Mag- 
nesium and Aluminum Single Crystals. Rk. H. CuamMBers* 
AND R. SMoLucnowskl1, Carnegie Institute of Technology.t 
Observations have been made of time-dependent kilocycle 
internal damping in 99.99% pure magnesium, aluminum and 
zone-refined aluminum single crystals. For a constant strain 
amplitude, the decrement 6 and apparent Young’s modulus 
change with time if the amplitude exceeds values for which the 
decrement and modulus begin to show amplitude dependence 
If the oscillation is stopped and observations made either at 
lower amplitudes or rapidly -—several seconds per measurement 

at the original amplitude, the decrement returns slowly to 
the original value. The recovery curve follows 6—é9=A 
X exp(— Bt"), where n is 0.4 to 0.6depending upon the material 
Parameters A and B show temperature and amplitude de- 
pendence which will be discussed. Granato-Liicke plots of the 
amplitude dependence show that the impurity loop length is 
lengthened during excitation and shortened during recovery 
Zone-refined specimens show evidence of the time dependence, 
but the effect is considerably smaller. These results are inter- 
preted in terms of the production of vacancies produced as the 
edge components of dislocations break away from the pinning 
impurities and the subsequent loss of these impurities by 
radial diffusion from their pinning positions. 

* National Carbon Fellow, 1951-1955 

t Supported in part by a U.S. Atomic 
tract. 


Energy Commission research con 


RAS. Dislocation Helices.* Prerrer Ginns, University of 
Utah.-It has been proposed! that, because of climb, and edge- 
type Frank-Read dislocation generator would bulge into that 
plane normal to the Burgers vector which contains the nodes 

and, with sufficient vacancies, could generate dislocation rings 
in this plane. It is proposed here that a shear stress which 
would displace one Frank-Read node in the slip direction 
relative to the other node causes this bulging dislocation to 
pass into a helix, At dislocation 
motion in the direction of the helical axis can occur by vacancy 
absorption, or by the diffusion of vacancies along the disloca- 
tion. Thus, it is possible to join up successive helical turns and 


reasonable temperatures, 


detach a dislocation ring 


* Office of Naval Research support 

4 Bardeen and Herring, Imperfeciions in Nearly Perfect (1 
et a!., editors (John Wiley and Sons, Inc., New York, 1952 
17 there 


S} le 


mee reference 


RA6. Dislocation Mobilities in LiF. W. G. JouNSTON AND 
J. J. Gitman, General Electric Research Laboratory.—-Mo- 
bilities of individual dislocations in LiF have been investigated 
using multiple etching techniques. The stress required to move 
a newly created dislocation, a», is very nearly two-thirds the 
macroscopic critical shear stress, oy, over a range of ay from 
300 to 400 g/mm?*. oy is varied by heat treatment, neutron 
irradiation, and by varying the test temperature. The close 
relationship between o,, and a, implies that the flow stress of 
the crystals is determined by the lattice resistance to disloca- 
tion motion. The dislocation density is low (5 10* cm~*), so 
dislocation mobility is not determined by interaction between 
dislocations. New dislocations have been introduced prior to 
neutron irradiation, and afterward the stress required to move 
the same dislocations is greater than o,, so that the irradiated 
dislocations do not take part in the deformation. When 
newly created dislocations are aged, a» increases, eventually 
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exceeding oy, so that the aged dislocations do not move when 
the crystal is bent. It appears that glide dislocations can be 
pinned securely enough so that they do not take part in the 
deformation process. 


RA7. Origin of Glide Dislocations in Crystals. J. J. GiLMAN 
AND W. G. JOHNSTON, General Electric Research Laboratory. 
By means of the authors’ etching technique, it has been found 
that (110) [110] glide dislocations can be nucleated in LiF 
crystals at low stress levels. The dislocations are nucleated as 
loops in regions of the crystals which previously did not con- 
tain dislocations. Nucleation is caused (a) by stresses at the 
tips of slowly moving cracks, (b) by stresses under balls 
pressed lightly onto crystals, (c) by thermal stresses due to 
moderate cooling rates from 400°C and above, and (d) by 
stresses during plastic bending. Except in case (a) the stresses 
are known. The nucleation stress in all cases is of the order of 
1 kg/mm? which is also the macroscopic yield stress. Because 
of the low nucleation stress, most of the deformation of these 
crystals is caused by dislocations which nucleate directly from 
the crystal and do not come from Frank-Read courses. Al- 
though some F-R sources may be present and operative, they 
are unnecessary and play only a minor role. The nature of the 
present nuc leation process is known. It may involve defects 
other than dislocations, but there is but little evidence on this 


point. 


RA8. Etch Hillocks on Germanium Single Crystals. 8. W. 
BATTERMAN AND W. G,. PFANN, Bell Telephone Laboratories 
Etch hillocks have been observed on germanium single crystal 
surfaces exposed to a superoxol etchant.’ Hillocks appear on 
surface orientations in the region about a [110] zone circle 
lying between two adjacent [111] poles. On the zone circle 
itself, the hillocks are symmetrical about the (110) plane and 
form hexagonal pyramids on a (110) surface. The plane sur 
faces bounding the hillocks have orientations close to (322) 
and (310). Etch pits ascribed to dislocations are found only on 
surfaces within approximately 7° of [100] and (111 J. Hillocks 
do not form within this range about [111]. Hillocks do not 
correspond to dislocations. The etch rate of orientations 
throughout the stereographic triangle has been 
Correlation between observed 
rate and formation of hillocks and etch pits will be discussed 


measured 


orientation-dependent etch 


11:1:4 volume parts of HeO 30%), HF (49% and H,O, respectively, 
RA9. Precipitation of Impurities on Dislocations in Silicon. 
W. C. Dasn, General Electric Research Laboratory.-The 
technique developed for decorating dislocations in silicon by 
diffusion and observation of precipitates with an infrared 
image tube first used with copper! has been used to study diffu- 
sion and precipitation in silicon of a number of other impuri- 
ties including Fe, Co, Ni, Zn, Au, Ag, Pt, Mn, and U. Pre- 
cipitation of all these elements occurs on dislocations in 
patterns very similar to that of copper, although the details of 
the heat treatment required for decoration vary from one 
element to another. In addition, a part of the aggregation of 
oxygen identified by Kaiser and Keck? in crystals grown from 
quartz crucibles following long heat treatment at about 1000°C 
is found to occur at dislocations. In this case no decoration 
can be seen by infrared transmission. The method of ob- 
servation involves sectioning and etching, resulting in the 
delineation of dislocation arrays by rows of etch pits.’ 
Appl. Phys. 27, 1193 (1956 
Keck, Bull. Am. Phys. Soc. Ser. I], 1, 321 (1956 
8A similar method for identifying dislocations in Al—Cu alloys was re 


ported by H. Wilsdorf and 1D. Kuhlmann Wilsdorf, Report on the Con 
ference on Defects in Crystalline Solids, University of Bristol, p. 175 (954) 


1W.C. Dash, J 
2W. Kaiser and P. H 


RA10. Dislocation Contribution to the Self-Diffusion Coeffi- 
cient in Metals. Eywarpv W. Hart, General Electric Research 
Laboratory.—It is readily shown that, under usual circum- 
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stances, the randomly distributed dislocations in a metal single 
crystal will contribute to the self-diffusion of the metal atoms. 
The contribution is like that of a volumetric diffusion coefti- 
cient and for ordinary experimental techniques is not dis- 
tinquishable from the diffusion contribution by the matrix 
proper. It is estimated that at the lowest temperatures for 
which single crystal diffusion measurements have been made 
this contribution is of the order of 10% of the bulk contribu 
tion in agreement with the observed small enhancement. At 
slightly lower temperatures this contribution can easily be a 
much larger fraction of the diffusion coefticient 


RA11. Effect of Quenching on Yield Stress of Pure Gold.* 
J. W. KAuUPFMAN AND M. Mesuut, Northwestern University 
Samples of 99.999 gold polycrystalline wires were quenched 
and slow cooled from 900°C and were deformed at room 
temperature, After annealing in the range room temperature 
to 100°C subsequent to quenching the yield stress increased 
markedly over that for slow cooled specimens. No increase 
was found immediately after the quench, but the yield stress 
was found to increase with annealing, finally reaching a stable 
saturation value of about a factor of two over the initial value 
Anneals were carried out at various higher temperatures on 
quenched samples in which the yield stress had reached its 
A one-hour anneal at 700°C was needed for 
Preliminary data have been obtained on 


saturated value 
complete softening 
the rates of increase of yield stress at various temperatures 
between room temperature and 100°C; these give an energy 
of motion for defects between 0.6 ev and 0.8 ev, in agreement 
recovery of electrical re- 


with values'? obtained from the 


sistivity in quenched gold 


* This work was partially supported by the U. S. Atomic Energy 
Commission 
'd. W. Kauffman and J. S. Koehler, Phys. Ke 97, 555 (1955 


? Baverle, Klabunde, and Koehler, Phys. Kev. 102, 1182 (1956 

RA12. Room Temperature Annealing of Quenched Gold. 
J. E. Baverte anno J. S. Kornter, University of Ilinois.* 
99,999% pure gold wires quenched from below 750°C show 
the following behavior during annealing at 60°C. Over 99% 
of the resistance quenched in anneals out at that temperature 
The annealing follows first-order kinetics. The time for the 
quenched in resistance to drop to half its initial value was 
19.5 hours for a quench from 700°C and 50 hours for a quench 
from 600°C, Simultaneously measured length and resistivity 
changes were proportional after a 700°C quench. The frae- 
tional length changes multiplied by 1.1%10 4 ohm em give 
the resistivity changes. The energy of motion measured after a 
700°C quench was 0.72 4-0.05 ev. Wires quenched from above 
750°C showed more complex annealing. Initially the annealing 
rate was consistent with the rates mentioned above, then an 
increase in rate occurred, After an 800°C quench the half 
decay time at 40°C was 49 hours and the energy of motion 
0.664.0.03 ev, After a 900°C quench the half-time was 34 
hours at 40°C and the energy of motion was 0.634-0.05 ev 
Length and resistivity changes were again proportional (same 
constant). Deformation produces an increase in rate only in 
the initial slow portion of the annealing 


* Partially supported by the Office of Ordnance Research 


RA13. Interpretation of Quenching Experiments on Gold. 
J. S. KornLer ann J. FE. Baverte, University of Illinois.* 
Three observations lead to the conclusion that there is not an 
appreciable amount of divacancy formation from single va- 
cancies at room temperature or during quenching. First the 
annealing at room temperature is first order after a quench 
from below 750°C; it can be described quantitatively by sup- 
posing that dislocations maintain the region near their core at 
the equilibrium value so that after quenching vacancies diffuse 
to dislocations and die there. Second, the observed quenching 
times required to retain defects (i.c., 10 to 50 milliseconds) are 
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consistent with vacancy diffusion to dislocations and not with 
the times required for vacancy recombination. Third, Meechan 
and Brinkman find a prominent room temperature annealing 
process in copper irradiated with 1.25 Mev electrons. Calcula- 
tions show that the ratio of the number of single to divacancies 
should be at least twenty so that vacancy rather than diva- 
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cancy motion is probably responsible for the annealing. The 
increase in annealing rate observed after quenches from above 
750°C may result from dislocation motion produced by the 
force on the dislocation which arises from its presence in a 
vacancy concentration gradient. 


* Partially supported by the Office of Ordnance Research. 


FRIDAY EVENING AT 7:00 


Crystal Ballroom, Benjamin Franklin Hotel 


(H. D. Smytu presiding) 


Banquet of the American Physical Society 


After-dinner speakers: G. P. HARNWELL, T. G. Fox, G. Herzeerc, Cyrit S. Smiru 


SATURDAY MORNING AT 9:30 


Irvine Auditorium 


(N. BLOEMBERGEN presiding) 


DSSP Symposium on Double Magnetic Resonance 


S1. Determination of Hyperfine Interactions in Solids by the Electron-Spin Double-Resonance 
Technique. G. Ferner, Bell Telephone Laboratories. (35 min.) 
$2. Double Nuclear Magnetic Resonance and Dipolar Interaction in Solids. R. M. Corts, Stanford 


University. (30 min.) 


$3. Acoustically Induced Transitions between Nuclear Spin Levels. W. H. Tanrrita, Michigan 


State University. (30 min.) 


$4. The Design and Performance of a C.W. Solid-State Maser. |). Scovit, Bell Telephone Labora- 


tories, (30 min.) 





SATURDAY MorNING AT 9:30 


Physical Sciences, Room A-2 


(W. Koun presiding) 


Invited Paper 


T1. Lattice Vibrations in Diamond-Type Crystals. F. Herman, RCA Laboratories. (30 min.) 


Solid-State Theory 


T2. Short Wavelength Cutoff for Plasma Oscillations of a 
Degenerate Electron Gas.* Ricnarp A. FERRELL, University 
of Maryland.-Previous work' has been extended to deter- 
mine the shortest wavelength at which plasma oscillations can 
be sustained. The maximum wave number corresponds to the 
momentum just sufficient to eause an electron at the surface of 
the Fermi sea to make a real transition, absorbing one plasma 
quantum of energy. Applying this criterion to the Bohm- Pines? 
dispersion relation results in the following relation between 
r,, the unit sphere radius, and 8, the cut-off ratio: r,=6.02 
* ((24+8) In(1+2/8)—2]". For aluminum (r,=2.07) this 
yields 8 =0.74, and the maximum angle for inelastic scattering 


of 25 kev electrons is 16 m radians, in agreement with Wata- 
nabe's* measurement of 15-18 m radians. 

* Investigation supported by the Office of Naval Research. 

'R A, Ferrell, Phys. Rev. 101, 554 (1956), 

?D. Bohm and D. Pines, Phys. Rev. 92, 609 (1953), 

*H. Watanabe, J. Phys. Soc. Japan 11, 112 (1956). 


T3. Maxwell-Boltzmann Equation for Coulomb Interac- 
tions. A. B. Buatia, University of Alberta, AnD G. E. TAUBER, 
Western Reserve University.*—In problems involving electrical 
discharges or scattering of electtons by lattice vibrations it has 
been customary to neglect the Coulomb interaction between 
electrons. It has been shown by Landau! that those inter- 
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actions can be taken into account quite easily, because, on 
account of the long range character of the Coulomb forces, 
only a small momentum exchange takes place. Landau's 
results are rederived from first principles and the integro- 
differential equations for the distribution function obtained 
for Maxwell-Boltzmann and Fermi-Dirac statistics. The 
results are applied to the electron-electron interaction in gas 
discharges. If the electron-lattice interaction in metals (or 
semiconductors) can be characterized by a relaxation time, 
the transport equations including electron-electron collisions 
can be Obtained in a similar fashion and solved in special cases, 
which enables one to calculate the modified expressions for 
the electric and thermal current densities 

* Part of this work was carried out for the Solid State Physics Division 


of the Franklin Institute. 
'T.. Landau, Physik. Z. Sowjetunion 10, 154 (1936) 


T4. Optical Phonon Contribution to Cascade Capture.* 
M. Lax, Bell Telephone Laboratories.—The resistivity of a 
crystal is only moderately increased, at temperatures below 
the Debye temperature by scattering due to optical phonons 
(or high-energy acoustic phonons, and intervalley scattering) 
because (1) there are few such high-energy phonons to be ab- 
sorbed and (2) there are few electrons with enough energy to 
emit such phonons. In the neighborhood of a trap, however, 
the speedup of the electron is quite important. In the case of 
Coulomb attraction, the electron can acquire an energy hw 
by coming within the distance (e?/Khw), and collisions with 
optical phonons become likely (A =dielectric constant). 
Such collisions are important for trapping since they lead to 
binding energies >k7T, and hence a high probability of stick- 
ing. At room temperature, in silicon, this seems to be the 
dominant mechanism. At lower temperatures, the previously 
proposed* mechanism involving the usual acoustic phonons 
will predominate, since it is only necessary for the electron to 
gain enough energy to lose several kT, and the radius at which 
this occurs will be > (e?/Khw) at low enough temperatures 
In any case, progress to the trap ground state is made by a 
succession of one-phonon processes, rather than a_ single 
multiphonon jump. 


*M. Lax, Bull. Am. Phys. Soc. Ser. I], 1, 128 (1956) 

TS. Physical Concepts of the Polaron. JorpDAN J. MARKHAM, 
Zenith Radio Corporation.—-Recent treatments of the polaron 
have emphasized means of solving a Hamiltonian due to 
Frohlich, rather than the physical concepts involved. This is 
an attempt to develop the physics of the problem. Several 
limitations inherent in the Hamiltonian will be indicated and 
discussed. The author will show why it cannot be split into 
three parts: one associated with the phonon field, the other 
with the electron, and the third representing the interaction 
This is done in nonpolar solids and quantum electrodynamics. 
Finally, the relation between the recent approaches and the 
one made by Seitz and the author will be considered 


T6. On Electronic Current of NiO.* Jiro YAmasuirta,t 
University of Pittsburgh.--We shall discuss conduction mech- 
anism by motion of an extra-electron which is tightly bound 
to an ion in an ionic lattice. We assume that the wave func- 
tion of the electron is localized closely around an ion and 
motion of the electron is so slow that the lattice polarization 
is induced around the electron. In this case conduction mech- 
anism may not be well explained by the usual band theory, but 
it might be better to use the Heitler-London picture and to 
understand the current as a result of wandering motion of the 
electron from ion to ion. 

* This research was supported by the U.S. Air Force through the Air 
Force Office of Scientific Research of the Air Research and Development 
Command 


t On leave from the Institute of Science and Technology, University of 
Tokyo, Tokyo, Japan. 
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T7. Relationship between Wannier Functions and the 
Method of Strong Binding.* Joun B. Ginson, Brookhaven 
National Laboratory.-The strong binding method to deter- 
mine electronic wave functions! in solids consists of using 
orthonormalized atomic functions as approximate Wannier 
functions. These are combined into approximate wave func- 
tions as follows (for the pth band): 6,%(r,k)=N 4 2(R,) 
Xexp(isk-R,)a,°(r —R,). The R,'s are lattice points. N is the 
number of atoms in the erystal. The approximate wave func- 
tions are then combined to form the exact wave function as 
follows: b,(r,k) = X(p)sp_(k)b,°(r,k). A theorem of Slater's* 
can be used to show that the coefficient S,,(R,) in the ex 
pansion of the exact Wannier function in terms of the approxi 
mate Wannier functions, a,(r) = 2(R,,p)S,,(R,)a,"(r -R,), 
is given by the Fourier transform of s,,(k), that is, S, .(R,) 
=A *S sy g(k) exp(sk-R,)dk. The integration is over the 
volume of the Brillouin zone 3. In general, s,4(k) for degener 
ate bands is rapidly varying in k, consequently S,,(R,) falls 
off slowly in R,. Thus for these cases the Wannier functions 
are poorly localized. A‘ nondegenerate band probably has a 
well localized Wannier function since spg(K) usually varys 
slowly with k. 

Inder the auspices of the U.S. Atomic Energy Commission 


1. C. Slater and G. PF. Koster, Phys, Rev, 94, 1498 (1954) 
J. C. Slater, Phys, Rev, 87, 807 (1952) 


he. Oe 


group 


T8. Band Structure of Tellurium and Selenium. 
Asenpore, Westinghouse Research Laboratories. -A 
theoretical analysis of the space group and Brillouin zone of 
tellurium and selenium has been tnade.! The proper linear 
combinations of atomic wave functions are obtained and a 
tight-binding calculation is set up for an explicit determination 
of the band structure. For simplicity, only p functions are 
used, First and second nearest-neighbor interactions are taken 
into account using the two center approximation. Contribu 
tions of the first and second nearest neighbors are estimated 
using Slater's atomic orbitals and the work of Roothaan*? 
The energy vs wave-vector curves are discussed along the line 
of highest symmetry in the Brillouin zone 
made with the work of Reitz? 


Comparison ts 


'R. H, Asenderf, J. Chem, Phys. (to be published) 
#C.C, J, Roothaan, J. Chem, Phys, 19, 1445 (1951) 
* John R. Reitz, Bull. Am. Phys. Soc. Ser. 11, 1, 431 (1956 


T9. Band Structure of Thorium.* Guy W. Leman, Atomics 
International. —The energy band structure for the lowest con- 
duction band in f.c.c. thorium has been completed. The ten 
6d atomic orbitals appropriate for spin-orbit coupling are 
basic functions for these bands. 6dy—6dy atomic level separa- 
tion is taken as 04 ev (Fermi-Thomas calculation). The 
energy matrix elements, neglecting spin-orbit coupling, are 
almost proportional to those derived from Slater-Koster 
LCAO method for the 3d band of f.c.c. nickel except that 
(dda), (ddw), and (ddd) are equal to —0.254 Eo, 0.151 Ko, 
and —0.024 Eo where Ko is a parameter chosen to fit low tem- 
perature C, data. The energy levels obtained from diagonal- 
izing the 1010 matrix at 150 points in the BZ were doubly 
degenerate. All accidental degeneracies along (001), (O11), 
and (111) directions were removed by spin-orbit coupling 
Only two overlapping bands are important in conduction 
processes i thorium. Multiple ellipsoidal Fermi surfaces 
lie along (001), (011), and (111). Effective number of holes 
and electrons were 0.1/atom with an average Fermi energy 
of 0.2 ev. Effective mass ratios range from —2 to +2 with 
cubic anisotropy present. Density of states near the Fermi 
level was computed. Correlation with Hall, magnetoresistivity, 
and thermoelectric power data will be given. 


* This work was supported by the U.S. Atomic Energy Commission 


T10. Vibrations of Small Crystals.* Hakvey KarLan, 
University of Buffalo. The vibrational modes of small, regular, 
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one-, two-, and three-dimensional monatomic arrays with 
free boundaries have been investigated. One major point of 
interest is the existence of surface, edge and corner modes 
which decay approximately exponentially towards the bulk 
of the material. Most of the cases investigated thus far use 
the model of nearest neighbor forces (both central and non- 
central) only. For such a model surface waves exist only if 
springs differing from those in the bulk of the material are 
introduced at the surface. If the surface springs are stronger 
than the volume springs, some of the surface modes have fre- 
quencies outside of the volume mode band. The model is 
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perhaps useful in discussing the vibrational properties of 
materials such as carbons of low heat treatment temperatures 
These materials consist of largely randomly arranged graphite 
platelets, with diameters as small as 30 A, joined by a small 
number of bonds. The specific heat of such a substance has 
been computed assuming that the intercrystalline bonds serve 
only to establish thermal contact between adjacent crystallites 
and do not otherwise affect the vibrational spectrum. The 
effect of intercrystalline bonding on the vibrational modes 
will, however, also be discussed. 


* Supported in part by the U.S. Atomic Energy Commissior 





SATURDAY MorNING At 9:00 


Houston Hall Auditorium 


(G. HERZBERG presiding) 


Chemical Physics 


Symposium of the DCP on High-Temperature Vaporization 
U1. Indirect Methods for Establishing Vapor Species in High-Temperature Vaporization. P. A 


GitLes, University of Kansas. (30 min.) 


U2. Molecular Dissociation-Energies fron: Thermodynamic Equilibria Studied with a Mass- 
Spectrometer. W. A. Cuurka, Argonne National Laboratory. (30 min.) 
U3. The Use of Optical Spectroscopy for Studies of High-Temperature Vaporization. |. L. Mar 


GRAVE, University of Wisconsin. (30 min.) 


U4. Evaporation Processes with Activation Energies Larger than the Energies of Evaporation. 


A. W. Searcy, University of California. (30 min.) 


Business Meeting of the Division of Chemical Physics 


(To be held during Session U whenever Cha‘rman desires 





SATURDAY MorNING AT 9:00 


Physical Sciences, Room A-1 


(T. G. Fox presiding) 


High-Polymer Physics, V 


Invited Paper 


V1. Molecular Theories of Flow of Molten Polymers. Y. I/. Pao, EZ. / 


Company. (40 min.) 


duPont de Nemours and 


Contributed Papers 


V2. Photoelastic Properties of Polystyrene in the Glassy 
State. I. Effect of Molecular Orientation. R. D. ANpREws 
AND J. F. Rupp, The Dow Chemical Company.—The effect of 
molecular orientation on the stress-optical coefficient of poly- 
styrene at room temperature was measured using polystyrene 
monofilaments with different degrees of orientation. High 
degrees of orientation were obtained by cold-stretching. The 
optical measurements were made using a polarizing microscope 
fitted with a Sénarmont compensator, The stress-optical coeffi- 
cient shows a strong dependence on molecular orientation, 
using birefringence as the index of molecular orientation. The 
stress-optical coefficient appears to decrease linearly vs bire- 
fringence, from a value of about +10 brewsters at zero bire- 
fringence to a value of about +4 brewsters at —0.04 bire- 
fringence. The elastic (Young's) modulus was also measured 
(in tension) as a function of orientation, and was found to 


increase nonlinearly with orientation (from 4.3 10® psi at 
zero birefringence to 6.1% 10° psi at —0.04). A curve of strain 
optical coefficient vs orientation was obtained by multiplying 
stress-optical and modulus values; this decreases nonlinearly 
and to a somewhat lesser extent than the stress-optical curve 


(from about +0.03 at zero birefringence to +0.017 at —0.04) 


V3. Photoelastic Properties of Polystyrene in the Glassy 
State. II. Effect of Temperature. J. F. Rupp anp E. F 
GuRNEE, The Dow Chemical Company.—The effect of tem- 
perature on the stress-optical coefficient of polystyrene was 
measured at twelve different temperatures from +24° to 
—195°C using samples of unoriented polystyrene sheet. The 
stress-optical coefficient appears to decrease with tempera- 
ture from a value of about +17 brewsters at —195°C to a 
value of about +10 brewsters at room temperature. The 
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elastic (Young's) modulus was also measured as a function 
of temperature using a flexural technique and was found to 
decrease linearly with temperature (from 6.3610* psi at 
—198° to 4.65 10° psi at +24°C). A curve of strain-optical 
coefficient vs temperature was obtained by multiplying stress- 
optical and modulus values; this increases nonlinearly with 
decreasing temperature. A theoretical calculation of the stress- 
optical coefficient at absolute zero is also presented and a com- 
parison is made between the calculated result and the value 
obtained by extrapolation of the experimental data. 


V4. The Turbidity of Polyethylene.* S. Buckser, R. S. 
STEIN, AND F, A. Berrecneim, University of Massachusetts 
The transmission of light by a nonabsorbing polymer film 
serves to characterize its light scattering properties. The wave- 
length dependency of scattering serves as a measure of the 
particle size of the scattering entity. For polyethylene, the 
Rayleigh—Debye-Bueche theory is inadequate and the more 
exact Mie theory of scattering must be employed. The varia- 
tion of turbidity with temperature, cooling rate, stretching, 
and swelling have been studied. The turbidity (and wave- 
length dependency) exhibit a heating-cooling hysteresis similar 
to that observed by direct scattering measurement. Quenching 
results in less scattering and a smaller apparent particle size 
than does slow cooling. Stretching samples results in a decrease 
in turbidity but an increase in apparent particle size (in- 
dicating a decrease in the refractive index difference between 
the scattering particle and its surroundings). The change in 
turbidity and apparent particle size occurring upon swelling 
with solvents of differing refractive index is comparatively 
small. This observation is also confirmed by measurement of 
the angular dependency of scattering from swollen samples 


* Supported in part by a contract from the Office of Naval Kesearch 


VS. The Birefringence of Polyethylene Films.* F. A 
BeTTeELHEIM AND R. S. Srein, University of Massachusetts. 
rhe birefringence of stretched polyethylene results principally 
from (1) orientation birefringence of anisotropic crystals, (2) 
orientation of anisotropic amorphous chains, and (3) form 
birefringence due to anisotropically shaped objects being im- 
bedded in a medium of different refractive index. Contribution 
(1) may be investigated by establishing crystal orientation 
by x-ray diffraction. The form birefringence contribution may 
be studied by measuring the birefringence of stretched poly- 
mers swollen with differing refractive index 
rhe results of such a study are interpreted in terms of Wiener's 
Phe results are consistent 


solvents of 


theory of form birefringence of rods 
with a model in which a rod-shaped aggregate of crystals 
orients in the stretching direction, The orientation of the rods 
is higher than that of the crystals themselves. The environ- 
ment of these rods is a mixture of other rods and 
amorphous polymer. The rods could be interpreted in terms 
of the helical aggregates of crystals proposed by Keller and 
Morgan, or the conical aggregates proposed by Bryant 


swollen 


* Supported in part by a contract from the Office of Naval Researcl 

V6. Dityndallism and Bidissymetry and Their Prospective 
Usefulness in Colloid and Polymer Research.* WiLrriep 
Hetier, Wayne State University.—The effect of dityndallism 
discovered and quantitatively studied first on colloidal solu- 
tions of inorganic materials, is defined by (iy, —1t,)4 where 
t,, and ty are a measure of the total light intensities scattered, 
at an angle y relative to the incident linearly polarized beam, 
if its electric vector vibrates parallel and perpendicular, 
respectively, to the extraordinary direction of the dispersed 
system or solution subjected to the orienting effect of an ex- 
ternal field or internal shear gradient. Since the effect has been 
proven to be very sensitive to the shape of light scattering 
material, it provides a powerful tool for obtaining quantitative 
information on the shapes of rigid colloidal particles and 
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macromolecules and on the statistical shape of flexible macro- 
molecules. The principal features of the effect and an experi- 
mental approach to its study will be described, [f the incident 
beam is unpolarized, the shape of the scattering material 
affects the contours of the radiation envelope differently in a 
plane containing and the plane perpendicular to the extra- 
ordinary direction, resulting for dimensions which are not 
small compared to the wavelength in a twofold dissymetry 
The cause of this effect, to be termed “bidissymetry,’’ and an 
experimental approach to its measurement will be discussed 


* This work was supported by the Office of Naval Research and the Office 


of Ordnance Research 


V7. Theory of Flow Bidissymetry of Light Scattering by 
Flexible Macromolecules.* ANTON PreTeRtIN, WILFRIED 
HeLLER, AND Masayuki NAKAGAKI, Wayne State University 

A theoretical equation to give the intensity of light scattered 
by a solution of flexible mac romolec ules or iented in lamin iry 
flow is derived, The principal variables considered are the 
direction of observation, the shear gradient, and the mean 
square end-to-end distance. The optical part of the theory 
makes use of the well-known interference treatment of light 
scattering by Debye. In the hydrodynamic part of the theory, 
the present first approach considers the polymer molecule as a 
freely draining coil neglecting the hydrodynamic interaction 
The theory shows that the probability distribution of the seg 
ments has, at finite shear gradients, the symmetry of an 
ellipsoid whose major axis forms an angle y with the direction 
of the velocity gradient. Both the angle y and the axial ratio 
of the ellipsoid increase with increasing shear gradient. The 
intensity of scattered light was calculated on the basis of the 
equation arrived at for the following variables: (1) magnitude 
of the shear gradient; (2) magnitude of the mean square end 
to-end distance; (3) angles of observation varying between 
60° and 120°, both in a plane containing and in a plane per- 
pendicular to the direction of flow. The intensity of scattered 
light was found to vary appreciably with all the variables con 
sidered. 


* This work was supported by the Office of Ordnance Research 


V8. Theory of Flow Dityndallism of Flexible Macromole- 
cules.* MASAYUKI NAKAGAKI AND WILFRIED Hetter, Wayne 
State University. ~The dityndallism and the related de 
polarization of light scattered by flowing polymer molecules is 
calculated assuming that (1) the molecule subjected to a shear 
gradient is a statistical spheroid (see preceding abstract) (2) 
the spheroid density is uniform, and (3) its refractive index is 
the mean of the refractive index of the polymer and of the 
solvent contained in the spheroid. The hydrodynamic part of 
the theory outlined in the preceding abstract and the theory 
of scattering by spheroids developed by A. F. Stevenson in 
connection with a related project, were incorporated in the 
Dityndallism and depolarization were 
shear gradient and for various 
The differential radiation 


present theory 


calculated as functions of 
effective relative refractive indexes 
envelope in the plane perpendicular to the direction of flow 
was considered from 0°-180°. The radiation in the plane 
perpendicular to the incident (which 
be perpendicular to the direction of flow) was considered for 
60°, 90°, and 120°. Dityndallism and depolarization to be 
expected in the former plane proved to be more promising 
theoretically. Numerical results, calculated on the basis of the 
present theory, lead to the expectation that the mean square 
end-to-end distance of flexible macromolecules, both at rest 
and upon deformation during flow, can be obtained 


beam is assumed to 


* This work was supported by the Office of Ordnance Kesearch 


V9. Correlation of Normal Stresses with Other Properties 
of Polymer Solutions. WLapimik Puitirvorr, Franklin Insti- 
tute Laboratories.—In previous communications’ the connee- 
tion between normal stresses, flow birefringence, and flow 





150 SESSIONS 


curves has been investigated on polyisobutylene solutions 
in decalin. It was found that “Hooke’s law” in shear was 
valid for a large range of variables. The same measurements 
have now been extended to solutions of nitrocellulose in butyl 
acetate. It was found that the same correlation exists. How- 
ever, Hooke's law in shear is not valid. This suggests a 
parallelism of stress-strain-and optical tensors in flowing 
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solutions of high polymers. These results confirm the idea of 
Weissenberg that in flowing solutions of high polymers, a 
condition of elastic stress is present. The parallelism is not 


dependent on the stress and strain tensors being proportional 
to each other (nonlinear stress-strain law) 


‘Nature 178, 811-812 (1956) and W. Philippoff, J. Appl. Phys. 27, 


984-989 (1956) 





SATURDAY MORNING AT 9:30 


Museum Auditorium 


(R, SMOLUCHOWSKI presiding ) 


Irradiation Effects; Metals and Insulators 


VAI. Formation of Color Centers in Alkali Halides as 
Function of Energy of Incident Protons.* EF. Pear STEIN, 
K. Kopayasui, AND B. Mozer, Carnegie Institute of Technology. 

The concentration of F-centers produced in NaCl and KCI 
during an irradiation with protons of energies between 90 and 
400 Mev was determined. Growth curves of F-center con- 
centration were measured in order to distinguish between F 
centers associated witn negative ion vacancies newly formed by 
protons and those associated with vacancies present before 
irradiation. This permitted an evaluation of the number of F 
centers produced per proton per centimeter path a. A plot of a 
vs reciprocal energy of protons is an almost straight line for 
NaCl, and it bends slightly upwards for KCI. These results 
are compared with the stopping powers of the crystals for 
protons of these energies, and are found to be in good agree- 
ment with each other. This indicates that ionization is the 
dominant factor in producing coler centers in these cceystals 
by proton irradiation. 


* This work has been supported by the U.S Atomic Knergy Commission 


VA2. Density Change of Sodium Chloride Produced by 
Proton Irradiation and Its Thermal Annealing.* Koicut 
Kownayasut, Carnegie Institute of Technology. ~The changes of 
the density of sodium chloride crystals produced by irradia- 
tion with 350-Mev protons and the recovery process during an- 
nealing at several temperatures were studied. The measure- 
ments of the density changes were made by means of the 
observation of a difference in the flotation temperatures be- 
tween irradiated and nonirradiated crystals in a liquid. The 
volume changes per unit volume of NaCl were measured as 
3.0; % 104 and 2.7, 10 4 for the crystal after irradiation with 
a total flux of 8.110! and 7.110" protons per em?, respec- 
tively. The number of vacancies was estimated from the 
volume expansion and was found to be in fairly good agree- 
ment with that estimated from the previous stored energy 
data.' The recovery of the volume changes with thermal an- 
nealing was studied as a function of temperature rising at a 
rate of 2°C/min. The results show that the density change of 
an irradiated crystal remains constant up to about 200°C 
and then drops sharply to about one half of its original value 
betweer 200-230°C, Above this temperature the density in- 
creases linearly with temperature and returns to that of a 
normal crystal at 400°C, These changes were found to be re- 
lated closely to the behavior of F, V, and coagulation centers! 
and will be discussed from this point of view. 


* This work has been supported by the U.S. Atomic Energy Commission. 
1K. Kobayashi, Phys. Rev. 102, 448 (1950), 


VA3. Reactor and Gamma-Ray Induced Coloring of Corn- 
ing Fused Silica.* Pau. W. Levy, Brookhaven National 
Laboratory.-We have irradiated, under various conditions, 


many different samples of fused and crystalline quartz. All 
of these develop absorption bands in the region 0.2 to 1 micron 
Since the bands overlap and are broad, resolution of the ob- 
served spectrum into component absorption bancs is difficult 
Corning fused silica is colored less than all other silica samples 
and its spectrum is the most susceptible to a detailed resolu 
When irradiated at 70°C there 
is one strong band at 218 mu and a small one at approxi- 
mately 242 my.’ However, after irradiating this material in 
the reactor at liquid nitrogen temperature the 242 my band is 


tion into component bands 


almost as intense as the 218 my band. When a sample originally 
colored in the reactor is subsequently subjected to gamma rays 
additional absorption bands appear. The intensity of the latter 
bands increase in proportion to both the reactor and gamma 
ray exposure. Also, by thermal bleaching of irradiated samples 
the presence of another band is indicated. In all, at least four 
new absorption bands in this material is indicated 


*Work performed under auspices of the U. S. Atomic Energy Com 


mission. 
1 Paul W 


Levy, J. Chem. Phys. 23, 764 (1955). 

VA4. Transmission Limits and Irradiation of High-Purity 
Fused Silica. H. B. Kievens, Mellon Institute-—-Samples of 
high-purity fused silica, obtained from Corning Glass Com- 
pany, were found to fall into two groups. One group (A-D) 
had transmission limits of 1580-1640 A; the other (£-F) of 
1720 A. From previous studies on similar silica as well as a 
number of synthetic quartz preparations, it was assumed that 
these differences were due to varying concentrations of H.O 
or rather —OH in the samples. However, group A-D showed 
absorbance values at 3668 cm™! (2.72 yw) of 1.34-1.39; group 
E-F of 1.37-1.38, all for equal thicknesses. Careful spectro 
graphic analysis showed no impurity differences in these two 
groups. Upon irradiation (to saturation of a color center at 
2140 A), the transmission limits of both groups were identical 
at 1730 A. Irradiation,' with a 2-Mev Van de Graaff accelerator 
(High Voltage Engineering), in equal saturation 
values, 5.2 cm™ at 2140 A, for both groups. However, samples 
E-F colored much more rapidly than A-D. Si® relaxation 
times were about 10 hours for samples A-D and only about 1.5 
hours for E-F.? High-temperature baking of these samples, 
coupled with some of the above measurements, may throw 


resulted 


more light on these various differences 


! Irradiations were kindly done by Dr. A. Stonehill, Ethicon, Ine 


? Holzman, Anderson, and Koth (unpublished data). 


VAS. Effect of X-Rays on the uv Spectrum of Fused Ger- 
mania. ALVIN J. CoHEN AND Herpert L. Smiru, Mellon 
Institute.-Fused germania (GeO) contains an intense ab- 
sorption band centered at 2445 A caused by a reduced ger- 
manium species probably Ge(II).! This band has the same 
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half-width as a band centered at 2429 A in fused silica and 
produced by the same germanium species contained as an 
impurity.? Upon x-irradiation of the germania a color center 
is produced below 2200 A. This color center gradually smothers 
the 2445 A band which is slowly bleached during x-ray treat- 
ment. A-color center specific to germanium-doped synthetic 
quartz with maximum in the 270-280 my region will be 
discussed. 


1A, J. Cohen, Phys. Rev. (to be published). 
?V. Garine-Canina, Compt. rend. 242, 1982 (1956). 


VA6. Displaced Atom Concentration in a-Al,O, as Deter- 
mined by Neutron Scattering. J. J. ANTAL, Materials Research 
Laboratory, OMRO, anv G. J. Dienes, Brookhaven National 
Laboratory.*—-The concentration of point defects in alumi- 
num oxide produced by pile irradiation has been determined 
by a long wavelength transmission experiment. The concentra- 
tion as a function of fast neutron bombarding flux is in agree- 
ment with hydrostatic density changes (assuming the defect 
volume equals the atomic volume) measured on the same 
samples. There is also agreement with, optical transmission 
data for lower irradiations.' Calculations according to Kinchin 
and Pease® indicate a concentration some 30 times greater 
Annealing at the temperature of irradiation (<40°C) is 
probably the explanation for the low concentration observed. 

* Work performed under the auspices of the U.S, Atomic Energy Com 
mt Paul W. Levy and G. J. Dienes, Bristol Conference on Defects in Crystal 


line Solids (The Physical Society, London, 1955) 
2G. H, Kinchin and R. S. Pease, Repts. Progr. in Phys. XVII, 1 (1955) 


VA7. Low-Temperature Annealing Process in Irradiated 
Metals. Part A. Effect of Defect Concentrations in Copper. 
C. E. KLtasunpe, T. H. BLewirt, R. R. Cottman, ann T. S. 
NoGoGir, Oak Ridge National Laboratory.* — The discovery that 
the radiation induced electrical resistivity of copper anneals 
at 30-50°K led to the early suggestion that interstitial atoms 
are mobile in this temperature range and are annihilated by 
vacant lattice sites. If close pair annihilation is excluded, an 
annealing process of this type should have a unique activation 
energy and be of second order. Recent experimentation on 
copper has shown that this is not the case. The isothermal 
annealing curves obtained at 45°K following a bombardment 
at 18°K of 110'® neutrons/cm? in the hole No. 12 cryostat 
of the ORNL Graphite Reactor was compared with that ob- 
tained after 510"? neutrons/em? and it was found that these 
curves when normalized were identical within experimental 
error. These data show that the annealing proceeds by a first- 
order process and this coupled with the nonexponential shape 
of the isothermal annealing curves implies that the activation 
energy is not unique. It can then be concluded that the low- 
temperature annealing process in neutron-irradiated metals 
and in particular copper is not the result of the migration of 
interstitial atoms to vacant lattice sites. This conclusion is in 
accord with that deduced earlier from stored energy measure- 
ments. 


* Supported by the U. S. Atomic Energy Commission 


VA8. Low-Temperature Annealing of Irradiated Metals. 
Part B. Effect of Sample History. 1. S. Noccie, T. H. 
Biewirtt, R. R. Cottman, and C. E. KLanunpe, Oak Ridge 
National Laboratory.*—The annealing of metals irradiated 
in the hole No. 12 cryostat in the Oak Ridge Graphite Reactor 
has been studied by a pulse annealing technique over the tem- 
perature range of 20-300°K. Both isochronal and isothermal 
techniques have been employed in studying the annealing of 
metals bombarded at 15-20°K. Isothermal annealing studies 
show that the annealing process occurring in the 35-50°K 
interval cannot be accounted for by simple reaction rate theory 
assuming a unique activation energy and a low order for the 
process. Experiments show that the annealing is unaffected by 
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the dislocation structure or by prior room temperature ir- 
radiation. This indicates that the annealing observed is not 
associated with migration of radiation induced defects to 
dislocations or to the defects left after room temperature it 
radiation. Dislocations may however play a role in the an 
nealing at higher temperatures as the isochronal annealing 
seems to be dependent on dislocation density. Impurity atoms 
may play an important role in the very low temperature an 
nealing as this process is suppressed in a-brass 


* Supported by the U.S. Atomic Energy Commission 


VA9. Effect of Neutron Irradiation on Twinning in Copper. 
T. H. Biewrrr anp J. K. Repman, Oak Ridge National 
Laboratory.” -\t has been previously reported! that copper 
single crystals when deformed at 4.2°K will elongate by the 
normal slip process when the shear strain is small. As the 
elongation increases, an anomalous flow process called dis 
continuous slip becomes operative and at still larger strains 
the flow process changes to mechanical twinning. Experi- 
ments show that heavy neutron bombardment (7 10” nyt) 
can raise the flow stress sufficiently so that the normal glide 
process is completely suppressed at 4.2°K and the sample 
immediately flows by discontinuous slip. This slip is localized 
and spreads through the sample as a widening band sometimes 
called a Luder's band. After the band has grown to a sufficient 
size, a mechanical twin lamella forms in this Luder's band 
stopping the discontinuous slip, the sample elongating entirely 
as a result of twin formation, The twin lamella grows until it 
has completely filled the Luder band at which point the twin 
formation ceases and the sample fractures. It is 
deduce that the discontinuous slip is the result of a packet of 
about 10° dislocations moving to the surface to form about 
30 slip lines. 


possible to 


* Supported by the U.S. Atomic Energy Commission 
} Blewitt, Redman, Sherrill, and Coltman, Phys. Rev. 98 
(1955). 
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VAI10. X-Ray Study of Deuteron Irradiated Copper at 
12°K.* R. O. Simmons ann R. W. Batiurei, University of 
Illinois.-The lattice expansion of an irradiated high-purity 
copper single crystal foil was measured at 12°K under condi 
tions analogous to those of an earlier electrical resistivity 
experiment.! The expansion was proportional to the integrated 
flux of incident 12-Mey deuterons within measurement errot 
(about 1K10~*). For a flux of 6.310" deuterons/cem*® the 
expansion was Ad/d = 2.610 4 at the foil back surface where 
the deuteron energy was 7 Mey. Diffractometer measurements 
at 12°K showed very small line broadening due to irradiation 
(increase of line width at half-maximum <20%). Previous 
thermal expansion measurements? permitted a study of the 
annealing of the radiation-induced expansion during subse- 
quent warming. In the narrow temperature range 15-42°K 
about 55% of the effect annealed out. Between 42 and 227°K 
a further 20% disappeared and annealing was completed at 
302°K. The apparent very slight line broadening also dis- 
appeared after warming to 227°K. The results appear con- 
sistent with the production of a concentration ¢ of Frenkel 
defects about 1/14 that predicted by the simple theory of 
displacements, assuming (Ad/d)—c. 

* Work supperted by the U.S. Atomic Energy Commission 

' Cooper, Koehler, and Marx, Phys, Kev. 97, 599 (1955 


*R. W. Balluffi and RK. O. Simmons, Bull. Am. Phys. Soc. Ser 
(1957). 


1, 2,147 


VAI1. Retardation of Zone Growth in an Al-Ag Precipitate 
Alloy by Previous Fast Neutron Irradiation. kh. k.. Jamison, 
Oak Ridge National Laboratory.—Al-20 wt % Ag foils, 
quenched from 520°C, were given various times at 20, 100, 
and 150°C, then irradiated by 10 fast neutrons per cm® at 
about 40°C. Following irradiation, small angle x-ray scattering 
values were determined as a function of time at various tem- 
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peratures (100, 130, 165°C). The irradiation causes the plot of 
predominate zone size vs time at temperature to diverge down- 
ward from the normal, e.g., 20 hours at 100°C for a previously 
irradiated sample with zone radius of gyration equal to 13.3 A 
is roughly equivalent to 5 hours at 100°C for an originally 
identical unirradiated sample. Arbitrarily defining retardation 
as the difference between the time at temperature for the ir- 
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radiated specimen, and the time at temperature for the un- 
irradiated specimen, to produce the same zone size in each, 
we see that it increases to a maximum with increasing time at 
temperature and then decreases, eventually returning to the 
value of zero. For any particular zone size, the retardation 
decreases with increasing temperature and decreases with 
increasing initial zone size. 





SATURDAY AFTERNOON AT 1:30 


Museum Auditorium 


(H. B. CALLEN presiding) 


DSSP Symposium on Theoretical Topics 


WI. A Theory of the Properties of Liquid Helium 3 and Liquid Helium 4. K. A. Brurckner, 


University of Pennsylvania, (30 min.) 


W2. Statistical Basis of the Boltzmann Equation. J. Ross, Yale University. (30 min.) 
W3. Theory of the Transport Equation in a Quantum-Mechanical System. J. M. Lurtincer, 


University of Michigan. (30 min.) 


W4. Applications of Scattering Theory to the Study of Transport Phenomena in Many-Particle 
Quantum-Mechanical Systems. K. M. Watson, University of Wisconsin. (30 min.) 





SATURDAY AFTERNOON AT 1:30 


Houston Hall Auditorium 


(H. Y. FAN presiding) 


Invited Paper 


X1. Temperature Dependence of the Relaxation-Time Tensor for n-Type Germanium. C. Go_p 


BERG, Westinghouse Research Laboratory. (30 min.) 


Transport Diffusion and Lifetimes of Carriers 


X2. Effect of Traps on Current Carrier Transport in Semi- 
conductors. W. VAN RoosurorcKk, Bell Telephone Laboratories. 

The ambipolar treatment previously given is extended to 
include the effect of traps. Simultaneous partial differential 
equations are given for the transport of mobile carriers and 
for the related variations in concentrations of trapped carriers. 
Applications to photoconductivity, the photomagnetoelectric 
effect, and drift of a pulse have been considered. Mass-action 
relationships provide a general basis for trapping effects and 
recombination. For the steady state, modified ambipolar 
diffusivities and drift velocities apply to the concentrations 
of mobile electrons and holes. The diffusivities are such that 
the general Shockley-Read small-signal electron and hole 
lifetimes are associated with the same diffusion length. If 
equal capture frequencies per electron and per hole (or equal 
free times) obtain, then the traps give recombination only, 
with a single small-signal lifetime. The general small-signal 
solution for the drift of an injected pulse includes an attenuated 
pulse of untrapped carriers which drifts with the ambipolar 
velocity and leads a distribution which exhibits a peak if 
sufficient multiple trapping has occurred. For no recombina- 
tion, this peak ultimately drifts at a fraction of the ambipolar 
velocity equal to the fraction of time carriers are free, while 
the fraction of carriers trapped approaches the fraction of 
time carriers are trapped. 


X3. Solution of One-Carrier Current-Flow Problems in 
Solids, Including Diffusion. Murray A. Lamprrt, RCA 
Luboratories.—The inclusion of diffusive currents in one- 
carrier injection problems involving space charg: 
generally to preclude purely analytical solutions, except in 
The complete solutions are necessary, how- 


appears 


the simplest case 
ever, for study of the role of the contact in such problems. 
By utilizing a topological property of the current flow it is 
possible, through a combination of digital-computer and 
analytical techniques to obtain a complete solution to any 
such problem for a one-dimensional, semi-infinite crystal for 
the analytical solution is available with neglect of 
Assuming, as a boundary condition, that the free 


which 
diffusion 
carrier density at an infinite distance from the injecting con 
tact is equal to its thermal-equilibrium value, then the relevant 
topological property is the monotonic-decreasing character 
of the free carrier density as a function of distance from the 
contact. With the current given, and the free-carrier density 
at the potential minimum sought this 
property facilitates programing so as to obtain a quick and 
accurate solution on a digital-computer of intermediate 
capacity and speed. Solutions are presented for a problem of 


as an eigenvalue, 


semiconductor and insulator physics involving a fixed com- 
ponent of excess charge in the solid, previously discussed in 
the literature, neglecting diffusion. 
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X4. Lifetimes from Dynamic Photoconductivity Quenching. 
FraNK Marossi, U. S. Naval Ordnance Laboratory.—lt is 
shown that lifetimes of conduction electrons and time con- 
stants of trap filling under the influence of infrared radiation 
superimposed on equilibrium photoconductivity may be ob- 
tained from the phenomenological parameters of dynamic 
quenching curves, i.e., from equilibrium and maximum value, 
slope at origin, and time at which maximum occurs. The theoret 
ical approach is similar to a previous treatment! except for 
the introduction of time constants in recombination terms 


1 F, Matossi, J. Electrochem. Soc. 103, 662 (1956), 


X5. Lifetime of Minority Carriers in Single Silicon Crystals. 
J. S. BLAKEMORE, Honeywell Research Center (introduced by 
A. Nussbaum).—Minority carrier lifetime has been studied 
in p-type and n-type doped single crystals of silicon, using the 
photoconductive decay method. This method can be very 
reliable and reproducible when uniform specimens free from 
trapping and photovoltaic effects are used, and when pene 
trating light is used to generate carriers uniformly in depth 
lo achieve the latter result, a silicon filter should be used with 
a thickness greater than that of the specimen. While lifetime 
in n-type silicon is insensitive to light intensity, in p-type 
silicon the electron lifetime increases rapidly with electron 
density. For a group of boron-doped crystals, the variation 
of lifetime with An is found to be strongest for An <10" em~* 
At higher levels of modulation, the slope relating r,(14-An 
po) to (An/po) is smaller, indicating the action of recombina- 
tion centers similar in form to those discussed by Bemski.' 
The centers which appear to dominate recombination at very 
low levels are less prominent in silicon which has been regrown 
several times. 


1G. Bemski, Phys. Rev. 100, 523 (1955). 


X6. Experimental Determination of Injected Carrier Re- 
combination Rates at Dislocations in Semiconductors. J. |’. 
McKeELvey, Westinghouse Research Laboratories.—The re- 
combination probabilities associated with lineage boundaries 
in germanium have been determined by measuring the ratio 
of injected carrier concentrations on either side of such a 
boundary and comparing the results with previous theoretical 
calculations.! Knowing the linear density of dislocations in 
the lineage boundary, the recombination cross section for a 
single dislocation can be inferred. 
tions correspond to cylindrical recombination areas of diam- 
eter 1.15 A for holes in n-type germanium and 2.5 A for elec- 
trons in p-type germanium. On the basis of recombination at 


The measured cross sec- 


dislocations alone, these results can be used to compute the 
expected bulk lifetime as a function of dislocation density, 
and it is concluded from these calculations that a significant 
part of carrier recombination in the usual melt-grown crystals 
takes place at dislocations. 


1J. P. McKelvey and R. L. Longini, Phys. Rev. 99, 1227 (1955 


X7. Hot Carrier Effects in p-Type Ge.* R. Bray anp K 
MENDELSON, Purdue University.—The hot carrier effect! has 
been investigated in detail for p-type Ge. For uncompensated 
samples, with Na from 3X10" to 4 10'*/cem' and wy (77°K, 
3400 gauss) from 41 000 to 15 000 cm?/v sec, we observe, ai 
77°K, gradual transition with increasing E, from ohmic 
ductivity, a9 to aak™®* region, characteristic of all samples 
No distinctive E™ region is observed. The E-°* 
applies in range 700 v/em < FE <10 v/cm for purest samples 
The common E~°* dependence at high fields implies dis- 
appearance of impurity scattering for sufficiently “hot” 
carriers. In this range, values of pyog/oo = penn /po, Coincide 
(+5%) for all samples, implying (uw/yo) and we are inde- 
pendent (45%) of Na in range indicated. For compensated 
samples (Np/Na~0.6), with Na— Nop from 10" to 5 10'*/ 
cm, and ww (77°K, 3400 gauss) from 9000 to 2000 cm?/v sec, 
we observe at 77°K, o first increases with EZ, then decreases 


cone 


dependence 
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at higher EZ. The largest rise, for most impure sample, is 50% 
Increase in both impurity mobility and majority carrier con 
centration may occur since acceptors are not exhausted. At 
195°K, o decreases monotonically with & 


* Work partially supported by Signal Corps contract 
| 


I. Ryder, Phys. Rev, 90, 766 (1954 

X8. Internal Field Emission in Silicon p-n Junctions. 
A. G. Cuynowetu ann K. G. McKay, Bell Telephone Lab 
oratories. -Internal tield believed to 
narrow pm junctions in silicon. This conclusion is based on 
(i) as in wide juctions, the multi 
plication characteristic has a positive temperature coefficient 
whereas the reverse unlike wide 
possesses a negative temperature coeflicient; (ii) the forward 
and reverse currents are relatively insensitive to temperature ; 
(iii) radiative transitions of energetic carriers in the high tield 
region result in the emission of visible light, the pattern of 
which shows that 
through the whole extent of the junction but that the array 


CMission is ocur in 


the following observations 


characteristic, junctions, 


the current flows more or less uniformly 
of fewer and more intense light spots characteristic of ava 
associated with 
It is concluded 
that in these narrow junctions the junction space-charge field 
due to the built-in potential alone is sufficient to result in a 
rate of carrier generation much greater than that of the normal 


lanche breakdown is absent; (iv) the noise 
the onset of avalanche breakdown is absent 


thermal processes. By assuming a reasonable form for the 
voltage dependence of the tield venerated current it proves 
possible to account qualitatively for the complex forward 
these The reverse charac 


bias characteristics of junctions 


teristics show the onset of multiplication of field emitted 
carriers at a reasonable threshold. Possible causes of the soft 


ness of the reverse characteristics are discussed 


X9. Temperature Variation of Equilibrium Barrier Height 
of ap-n Junction. L.. J. Pieces, /Uinois Institute of Technology, 
AND J. R. Mapnicas, Hoffman Electronics Corporation 
The equilibrium barrier height of a pm junction rectilier was 
to 373°K 
The barrier height was determined by observing the satura- 
tion of the open circuit junction decay voltage with increasing 
forward bias.' The height of the barrier at a given tempera 
ture is equal to the original difference in Fermi levels in the 
isolated n and p regions of the diode. At low temperatures it 
should, therefore, approach the energy gap and should tend to 
zero at high temperatures as both regions approach intrinsi« 
Measurements on silicon alloy junction diodes are 


measured as a function of temperature from 77 


material 
in general agreement with this predicted behavior and because 
of the heavy doping of the emitter essentially describe the 
behavior of the Fermi level in the base region 


1B. R. Gossick, J. Appl. Phys. 26, 1356 (1955) 


X10. Drift Mobility Measurements Using a Junction, Con- 
striction, or Point Contact Collector. Mitton Green, Signal 
Corps Lahoratories In these Laboratories, 
measurements of drift mobility have been made by observing 
the time of transit ¢ of a pulse of charge carriers over the dis- 


Engineering 


tance x between the pont ot photoinjection and a passive 
“collector.”” The “collector” may be a reverse biased junetion, 
a constriction in the cross-sectional area, or a point contact 
electrode, The arrival of the injected pulse at the collector 
results in an increase in the conductance of the specimen large 
compared to that due to the injection of the bulk 
material. A signal is observed on the CRO taken from a load 


resistor in series with the samples. tis plotted against x, The 


carrier 


reciprocal slope of the curve gives carrier velocity at each 
point which when divided by the field strength (rc) gives the 
corresponding mobility we). A planar junction gives the best 
results because the flow lines are rectilinear and all charges 
move approximately the same distance. For a junction, elec- 
tron mobility is determined by injection in the p region and 
hole mobility from injection in the n region. 
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SESSION Y 


SATURDAY AFTERNOON AT 1:30 


Physical Sciences, Room A-2 


(F. SEITz presiding) 


Alkali Halides; Luminescence 


Y1. Prebreakdown Currents and Breakdown in Alkali- 
Halide Crystals.* M. FE. Casrani anp H. Yosutkawa, Uni- 
versity of Pennsylvania.Prebréakdown de currents in single 
crystals of NaCl, KCI, and KBr have been measured over a 
wide temperature range as a function of the applied field 
strength. The electric breakdown strength could not be easily 
correlated with the de conductivity. The dependence of a, the 
conductivity, on , the applied field, was very sensitive to 
surface irregularities at the cathode, but In 7 was found to be 
roughly proportional to 4, especially if there was much high 
field emission from the cathode. This behavior is to be ex- 
pected if the conductivity is governed by thermally activated 
charge carriers such as electronic space charges, which have 
been introduced into the crystal by high field emission. Such 
space charge will always enhance the field at the anode, and, 
hence, decrease the apparent breakdown strength. The equilib- 
rium current is determined by a lower field strength which may 
be sensitive to the actual space charge distribution. Hence, 
the conductivity, calculated from the current and the applied 
field, may not be correlated with the breakdown field. 


* Thies work was supported by a grant from the National Science Founda- 
tion, 


Y2. Effect of Imperfections on the dc Breakdown Strength 
of Alkali Halide Crystals.* H. Yosuikawa anp M. E. Cas- 
PARI, University of Pennsylvania. ‘The eflect of annealing, 
plastic deformation, and x-ray irradiation on the de electric 
breakdown strength of KBr, KCI, and NaCl crystals has been 
investigated at room temperature. Although annealing ap- 
parently reduced the breakdown strength, this reduction was 
caused by surface irregularities arising from thermal etching. 
In KBr, after annealing above 500°C, these take the form of 
step-like ridges along the [100] directions on cleaved (100) 
surfaces. Polishing the cathode surfaces after annealing re- 
stores the value for unannealed crystals. Vhe irregularities 
at the anode had little effect on the breakdown strength. 
Irregularities at the cathode probably lead to increased high 
field emission with subsequent field distortion and enhance- 
ment of the field at the anode. Plastic deformation up to 2% 
compression had little effect on the electric strength. X-ray 
irradiation produced a marked lowering of the breakdown 
strength unless the crystals were bleached after the irradia- 
tion. The breakdown strength of such bleached crystals was 
close to the value of nonirradiated samples. 


* This work was supported by a grant from the National Science Founda- 
thon, 


Y3. Width of the F Band. Joun DL. Konirzerk AND JORDAN 
J. Markuam, Zenith Radio Corporation.-The work of Dorn 
and Haven suggests that there exists an absorption band as- 
sociated with the Wunder the F. We have measured the ab- 
sorption in the F region in KCI and KBr at 78°K and found 
that its structure is dependent on the presence of the Mand R 
bands. The broadening in the presence of small amounts of 
M absorption indicates that it is not simply due to the over- 
lapping of R, M, and N bands but is caused by an additional 
structure, These measurements support the present interpre- 
tation of the work of Dorn and Haven; they can explain the 
difference in the measurement of Pick and Geiger as well as 
the difference in the half-width observed by Mollwo and by 
Duerig and Markham. 


Y4. F Centers in X-Ray Irradiated KCI, NaCl, and Neutron- 
Irradiated LiF.* F. J. Reip, R. T. Bate, anp C. VY. Heer, 
Ohio State University.-The number of centers in 
x-ray irradiated KCI, NaCl, and neutron-irradiated LiF were 
determined by measuring the static magnetic susceptibility 
down to liquid helium temperatures with a sensitive torsion 
balance. Optical absorption measurements were made at room 
temperature. Under the assumption that the temperature 
dependent paramagnetic susceptibility is due primarily to the 
F centers, optical oscillator strengths for KCl and NaCl were 


magnetic 


in agreement with previous results! on additively colored 
crystals. LiF crystals were irradiated with varying neutron 
fluxes, and the concentrations of magnetic centers exceeded 
10” per cubic centimeter in the intensely colored crystals 
Concentration as a function of neutron flux will be discussed 

* This research was supported by the U.S. Air Force through the Office 


of Scientific Research of the Air Research and Development Command 
'C. J. Rauch and ¢ ’. Heer, Phys. Rev, 105, 914 (1957 


YS. Mechanical Effects of F Centers in KCl Crystals.* 
TAIRA SuzuKI AND Masao Doyama, University of Illinois 
(introduced by J. S. Koehler).-The present work aims to give 
a more detailed knowledge about 
centers in KCI crystals introduced by additive coloration 
It is found that critical shear stress does not change ap- 
preciably until the number of F centers in crystal, Cr, reaches 
a certain value around 10'* cm~* depending upon the meas- 
uring temperature. The critical value of Cr does not appear 
to depend on the vacancy concentration since quenching 
temperature does not alter Cr*''*. Critical shear stress in- 
creases in proportion to (Cr)°® above Cr*t*. When crystals 
are brought to a temperature below room temperature im- 
mediately after quenching, critical shear stress is found to in- 
crease with time even at liquid nitrogen temperature. It is 
very remarkable that, when such crystals as aged for a certain 
time at the above temperature are brought quickly to room 
temperature and then held, the critical shear stress begins to 
fall to an equilibrium value at room temperature. This can be 
repeated by transferring crystals from one temperature to 
another. This is also true in crystals without F centers, al- 
though the amount of hardening increases with Cr. The activa- 
tion energy for the aging process determined from aging curves 
is very small, of order of 0.1 ev or less. No appreciable change 
in the F band has been observed 


mechanical effects of F 


* Supported by the Office of Naval Research 


Y6. Comments on R Center Production in Alkali Halides. 
R. J. Frtaur anp G. R. Cove,* University of Kansas.—It has 
recently been shown that the intensity ratio of Rk; to Ry bands 
in colored KCI is nearly constant over a wide range of condi- 
tions, and theoretical calculations for the Fy. have in- 
dicated that this center may well be responsible for both R 
bands.'! This viewpoint can be supported by consideration of 
the following phenomena. (1) The growth of R and M bands 
during illumination of a colored crystal with F light’? is 
consistent with the view that F, centers are formed from M 
centers by the capture of an electron and the expulsion of a 
positive ion vacancy. (2) Our observation that the M band 
increases whereas the R bands decrease when a crystal is 
heated to 125°C appears to represent the inverse of the forma- 
tion process. (3) We have also observed that the quantum 


center 
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efficiencies for photoconductivity at room temperature are 
0.9 and 0.5 (425%) for the R; and Re bands, respectively, 
in accord with the idea that the RX, band represents a transi- 
tion to the higher energy level. 

* Presently at Savannah River Laboratory, E. 1. du Pont de Nemours 
Company. 


' Herman, Wallis, and Wallis, Phys. Rev. 103, 87 (1956 
2St. Petroff, Z. Physik 127, 443 (1950 


Y7. Hyperfine Structure Anisotropy in the Paramagnetic 
Resonance Absorption of V Centers in LiF. TRUMAN O. 
WooprRvurf AND WERNER KANZIG, General Electric Research 
Laboratory.—The paramagnetic resonance absorption at 
—180°C of single crystals of KCI, NaCl, KBr, and LiF ir- 
radiated with x-rays at 180°C can be resolved into groups 
of (4/ +1) lines,’ where J is the spin of the halide nucleus. ‘To 
explain the splittings within each group Castner and Kanzig! 
include in the spin Hamiltonian terms of the form a(I-S) 
tbl eS... Here 2’ refers to the axis of the molecule-ion para- 
magnetic center, which is tentatively identified with the V; 
optical absorption center. Using perturbation theory they de- 
duce from their spin Hamiltonian a formula for the magnetic 
fields at which lines should occur. This approximate formula 
agrees satisfactorily with observations only when the angle 6 
between magnetic field direction and 2’ axis is less than 70 
For LiF we can now obtain from a secular equation exact 
eigenvalues of the same spin Hamiltonian for all 6. By giving 
the constants a, b appropriate signs and magnitudes we can 
explain the observed position of every line for any angle 6. This 
increases our confindence in the correctness of the original 
interpretation! of the spectra observed in irradiated alkali 
halides at — 180°C, 

1W. Kanzig, Phys. Rev. 99, 1890 (1955); T. G. Castner and W. Kanzig 
(to be published) 


Y8. Emission of Z-Centers in KCl. kk. J. West ann W 
Date Compton, U.S. Naval Research Laboratoy.—-Excitation 
and emission experiments have been made on KCI crystals 
containing 0.013 M% SrCl, and additively colored at 600°C 
with potassium. The crystals were slowly quenched. Absorp- 
tion measurements at 77°K on freshly cleaved crystals showed 
peaks at 545, 630, and 810 my corresponding to the F, Z2, 
and M bands, respectively. Excitation spectra at 77°K showed 
well-defined peaks at these wavelengths. The emission at 
77°K peaked at 1.07 yw for F- or M-band excitation and 1.17 4 
for Zz-band excitation. Irradiation with F light at 300°K 
produced a band at 850 my and the Z; band at 590 my. The 
F, M, and Z2 bands were partially bleached by this light 
Excitation peaks were now found at 590, 630, and 850 my but 
not at the F- or M-band positions. Emission at 77°K with 
excitation in the Z,;-band region was found to have two peaks 
a short wavelength peak lying between 1.1 and 1.2 wand a long 
wavelength peak at 1.70 yw. Excitation at 850 my gave only 
the 1.70 w emission. The efficiency of the excitation of the 
1.70 » emission was about the same at 300°K and 77°K. 


Y9. Color Centers in Lithium Hydride.* Frank FE. PRevzer, 
Los Alamos Scientific Laboratory.—Single crystals of lithium 
hydride have been prepared by slow crystallization of the 
melt under hydrogen gas. The problem of impurities, partic- 
ularly O- and Mg**, is considered. The best crystals have been 
prepared by synthesizing the salt from freshly distilled lithium 
metal and purified hydrogen in the crucible inside the ap- 
paratus, just before crystallization. Single crystals have been 
used to prepare samples to study the effects of irradiation on 
optical absorption properties. The F band is found at 2.19 
+0.02 ev in LiH and 2.2240.02 ev in LiD at 77°K. X- 
irradiation of lithium hydride at 77°K forms many bands 
which obscure the F band. Most of these bands bleach out 
quickly at room temperature. The F band is readily bleached 
by F light at 77°K to form the F’ band, which is thermally un- 
stable above 160°K. The colloidal lithium band is readily 


formed at room temperature in samples containing about 
10° F centers/ce or more. Some mechanism also exists for 
the slow dissolution of lithium colloid in LiH to re-form F 
centers at room temperature. 


* Work performed under the auspices of the U.S. Atomic knergy Com 
Mission 


Y10. Structure of the Occupied Energy Bands of KCI. 
L. P. Hownanp, 1.7.7 The band structure of KCI was 
calculated in a many-electron, tight-binding approximation 
In this the wave function for the whole crystal was taken to be 
a single determinant of Hartree-Fock functions for the free 
ions of potassium and chlorine centered on erystal lattice 
sites. Approximate Hartree-Fock functions for the crystal 
were determined as linear combinations of free-ion functions, 
and the band structure was obtained from the values of the 
corresponding approximate Hartree-Fock energy parameters 
The band structure was obtained for various values of the 
interionic distance, and the cohesive energy of the crystal was 
calculated for one of the distances. The width of the valence 
band for the normal interionic distance was determined to 
be about 1.5 electron volts. The general method has been 
extended to a preliminary study of the simplest V center in 
KCI 


Y11. Oscillator Strengths for Luminescent Transitions in 
KC1:TI and KCl:In. F. ke. Wittiams, B. SeGatt, anp P. D 
Jounson, General Electric Research Laboratory.-Crystalline 
interactions are important in the calculation of transition 
energies for KCI: Tl! In the present work we have studied 
theoretically the ratios of oscillator strengths for the two 
principal impurity absorption bands in KCI: Tl and KCI:In, 
including the effect of crystalline interactions. These inter- 
actions were neglected in another analysis of this problem? 
We introduce spin-orbit interaction after including the larger 
crystalline interactions. The excited impurity states are as 
sumed to be of the nature of 'P,° and 47)" states of the sp 
configuration, Since spin-orbit coupling constants are deter- 
mined by wave functions well within the ion core, the values 
obtained from free ion spectra are a suitable approximation 
Experimental transition energies for the crystal are utilized 
to calculate the energy separation of the pure singlet and 
triplet states. The calculated oscillator strength ratios are in 
satisfactory agreement with experiment. Crystalline inter 
actions reduce the energy separation of the pure singlet and 
triplet states of the free ion. It is possible to account for part 
of the reduction in energy separation by the difference in 
radial wave functions of these states. 


‘Fr. Fk, Williams, J. Chem. Phys, 19, 457 (1951) 
*K.S. Knox and DL, Dexter, Phys, Kev, 104, 1245 (1956 


Y12. Electro-Photoluminescent Amplification. Kiciann b. 
Hatsrep, General Electric Research Laboratory. Vreliminary 
results of an investigation for a correlation of dielectric con- 
stant and loss measurements! with the charge transport 
revealed by electrophotoluminescent modulation in non- 
uniformly excited sulfide phosphor samples? will be described 
It was found that alternating electric fields can modify the 
time distribution of luminescent recombination in these ma 
terials with the expenditure of less electrical energy than is 
contained in the fluctuating component of the emitted visible 
radiation, Within the range of excitation intensity, frequency, 
and voltage where this is true the phosphor sample may be 
regarded as an amplifier, deriving its power from incident 
radiation, which converts an applied electrical signal into an 
output light signal with energy gain and frequency fidelity 


'S. Roberts, J. Opt. Soc. Am. 43, 590 (1954) 
*K. bk. Halsted, Phys. Kev, 99, 1897 (1955). 


Y!3. Light Output of an Electroluminescence Cell Excited 
by Short Voltage Pulses. Grorce R. Briccs, RCA Labora- 
tories.—Total light output has been measured and output 
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wave forms obtained for a green electroluminescent cell 
excited by short pulses of voltage. The phosphor was a ZnSe 
:ZnS solid solution type embedded in a 0.5-mil plastic layer. 
Rectangular pulses and pulses having one or both edges of 
exponential shape between 2 and 40 usec in duration were 
applied. Reddish light is emitted during and after both the 
rise and fall of the pulse while bluish light is emitted pre- 
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dominantly after the pulse starts to fall. With a slowly falling 
pulse the light associated with the fall is delayed until the 
pulse is nearly zero. Slowly rising pulses excite relatively 
more blue light and slowly falling pulses more red light. The 
light obeys an exp(—4V~4) law for all colors and all pulse 
shapes investigated. Cell-current flow and loss data are also 
presented 


1:30 


Physical Sciences, Room A-1 


(W. L. Brown presiding) 


Irradiation Effects; Semiconductors 


Z1. Orientation Dependence and Threshold Energy of 
Radiation Damage in Germanium. W. L. Brown AND W. M. 
Aucustyniak, Bell Telephone Laboratories.-An orientation 
dependence has been found in the rate of introduction of radia- 
tion damage in germanium by monoenergetic electrons near 
the energy threshold. The damage has been measured through 
the decrease it produces in the electrical conductivity of n-type 
material, the irradiations and the electrical measurements 
being made at liquid nitrogen temperature. With the incident 
electron oriented in the (111) direction with respect to the 
crystal, the damage rate is as much as 40% higher than in 
either the (1410) or (100) directions. The difference decreases 
at higher energies. In connection with his calculations of the 
energy threshold W. Kohn! has suggested the possibility of an 
orientation dependence corresponding to the anisotropy of the 
potential profile for atomic displacement. arising from the 
bond structure of an individual atom. The (111) direction is 
favored in the simplest picture, in agreement with the present 
measurements. The actual threshold energy determined in 
these experiments appears to be about 0.4 Mev compared with 
the lifetime threshold of 0.5 Mev reported by Loferski and 
Rappaport and the earlier conductivity threshold of 0.63 Mev 
determined by Klontz and Lark-Horovitz. There is, however, 
evidence that some damage occurs even below 0.4 Mev. 


'W. Kohn, Phys. Rev. 94, 1409 (1954), and private communication, 


Z2. Effects of Multiple Scattering of Electrons on the Pro- 
duction of Defects in Fast Electron Bombardment of Ger- 
manium.* J. W. MacKay anp E. E. Kiontz, Purdue Uni- 
ersity. It is generally assumed that electron bombardment 
of samples thin compared to the range of the incident elec- 
trons results in nearly uniform production of defects through- 
out the sample. Usually the only correction which is con 
sidered is the decrease in cross section due to the energy loss 
in penetrating the sample. The effect of multiple scattering 
increases the path of the electron and results in an increase in 
defect production. For the case of germanium, calculations 
indicate that the effect of multiple scattering outweighs the 
effect of energy loss, and the production of defects should in- 
crease with depth of penetration. For a sample of infinite area 
with uniform bombardment at 4 Mev, this increase amounts to 
about 15% at a depth of 400 w. A second effect of the multiple 
scattering is that electrons are scattered out of the edges of the 
sample, producing a nonuniform defect distribution across the 
sample. Variations in defect concentration cause a nonuniform 
carrier concentration. Experimental results are presented 
showing the effect of nonuniform carrier concentration in 
bombarded Ge and the effect of sample thickness on the meas- 
ured rate of carrier removal dn/d@. 


* Work supported by U.S. Atomic Energy Commission contract. 


Z3. Theory of Diffusion Limited Reactions; Annealing of 
Radiation Damage in Germanium. I. R. Warre, Bell Tel: 
phone Laboratories (introduced by N. B. Hannay).—A theory 
has been developed describing the kinetics of the diffusion 
limited reaction A+B-—+AB. The joint probability distribu 
tion of each AB pair in the system is considered. The differen 
tial equations describing the alteration of these densities duc 
to diffusion and reaction have been derived. The competition 
of all of the A's for each of the B's (and vice versa) and the 
removal of particles from the system upon reaction have been 
appropriately accounted for. Complete analytic solutions may 
be obtained for a variety of boundary conditions. An attempt 
has been made to treat the data of Brown, Fletcher, and 
Wright! and of Augustyniak? on the isothermal annealing of 
radiation damage produced in germanium by 3-Mev electrons. 
The damage is believed to have consisted of randomly di 
tributed annealed by the 
diffusion together of interstitials and vacancies. A reasonable 
fit of the data has been obtained with the present theory. In- 


vacancy-interstitial pairs which 


formation concerning the diffusion constants (2*232 keal 
mole) and the distribution of interstitials about the vacancies 
from which they were dislodged (average displacement ~1.5 
times the capture radius) have been obtained from the an 
nealing data. 

' Brown, Fletcher, and Wright, Phys. Rev. 92, 591 (1953 
2W. Augustyniak (personal communication 
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Z4. n-Type Deuteron Irradiated Germanium 
perature Carrier Removal Rates.* |). KLEITMAN 
Lark Horovitz, Purdue The rate of conduction 
a function of irradiating deuteron flux is 


Re- 


University 
electron removal as 
dependent upon the Fermi level for n-type germanium 
moval rate (—dn/d@) or (—An/) 1 
to locate energy levels introduced in the forbidden band by 


£ level data can be used! 


bombardment. Measurements were made of the Hall effect and 
resistivity of numerous 100 yw thick n-type germanium speci- 
mens as they underwent varying amounts of irradiation with 
9.6-Mev At 85°K a large increase (3 to 1) in re- 
moval rates for samples with £> (/.,—0.025+0.01 ev) in 


deuterons 


dicates major bombardment introduced levels at this energy, 
whereas a flat (E.4—0.035 ev) >£&(E.,—0.1 ev) 
suggests only few, if any, levels introduced here. At 205°K four 
(E.s—0.1 ev) >&>(E-s—0.22 ev) 
suggest again the absence of major levels in that region. The 
highest removal rates observed with impure samples at 85°K 
(—dn/dpo~1100) may be compared with the recently revised 
theoretical estimate (assuming a 30-ev displacement threshold) 
of 1280 for (dN/d@), N the vacancy interstitial pair density. 


region for 


samples irradiated with 
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Mobility changes with bombardment were studied as were 
effects of annealing at temperatures up to 300°K, 


S. Signal Corps contract 


* Work supported by a U 
1 “Defects in erystalline solids,’ 


1H, Y. Fan and K. Lark-Horovitz 
Report of the 1954 Bristol Conference 


ZS. Irradiation of Silicon with 9.6 Mev Deuterons.* |. \ 
Lonco anp K. Lark-Horovitz, Purdue University—Both 
n- and p-type silicon were irradiated with 9.6-Mev deuterons. 
The Hall coefficient and conductivity of degenerate and non 
degenerate samples were measured as a function of irradia- 
tion. The carrier concentrations of all samples were reduced by 
irradiation. For n-type degenerate samples the carrier removal 
rate An/p=—670 electrons deut.-' cm and for p-type 
degenerate Ap/@ = —750 holes deut.-' cm. These compare 
favorably with a calculated rate of defect pair introduction 
of ANp/@=775 defect pairs deut.-' cm™', with one carrier 
removed per pair. This work supports the belief that the in 
troduction of vacancy interstitial pairs are the predominant 
effect of irradiation. The removal rates decrease rapidly as the 
Fermi level moves into the forbidden gap. The interstitial 
states appears to be at 0.025 ev from conduction band and the 
vacancy states at 0.055 ev from the valence band. For heavy 
irradiations the removal rates are lower in the degenerate 
enerate regions than with smaller 





and higher in the nonde 
irradiations. This suggests clustering of defects, with states 
associated with these cluster 
forbidden gap 


being introduced deep in the 


* This work supported in part by the U.S. Signal Corps 


Zo. X-Ray Diffuse Scattering Measurements of Pile-Irra- 
diated Germanium Single Crystals.* KoGrer CHanc, Alomu 
International.—The x-ray ditfuse intensity near the (333) 
reciprocal lattice, along a direction passing through the recip 
rocal lattice point and the origin, of pile irradiated germanium 
single crystals was measured. The germanium single crystals, 
cut parallel to (111) plane, in the ORNL 
graphite reactor at about 20°C to integrated fast neutron 
fluxes of 10'* to 10'* n/cm?*®. The results can be summarized a 
follows: (1) calculations from the diffuse intensity of un 
irradiated spec imens yi Id reasonable values of the velocity 
of longitudinal waves along the direction of measurement; (2) 
diffuse intensity increases with in 
(3) the radia 


removed by annealing 


were irradiated 


the radiation induced 
creasing time of exposure, though not linearly ; 
tion induced diffuse intensity can be 
At present the data cannot be interpreted satisfactorily in 
terms of the production of randomly distributed point defect 
interstititals. A new 
distortion due to 


such as vacancies and interpretation 


based on the accumulation of centers of 


thermal spikes or displacement spikes, will be discussed briefly 


This work was supported by the Research D m of the U, S, Atomic 


nergy (omm lon 


Z7. Structure Spikes in Deuteron-Irradiated II V Com- 
pounds. . GONseR (introduced by J. S. Koehler).* —The 
III-V compounds represent one of the few systems where 
large effects are observed to result from the presence of the 
thermal spikes which occur during heavy particle irradiation 
Single crystals of GaSb and InSb were irradiated at liquid 
nitrogen temperature with approximately 210'? 12-Mey 
deuterons/cm?. The change in intensity and shape of the x-ray 
reflections showed that spike regions exist and that the ma 
terial contracts on irradiation. It is reasonable to assume that 
the following reaction takes place 

radiation 
GaSbDgotia conifguration, ’GaSb, juid configuration 


annealing 


rhe spikes have the liquid structure with a higher density and 
8 nearest neighbors instead of 4 in the solid (zine blende) 
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If the liquid structure of these III-V compounds exists with 
long-range order, a moditied Debye-Scherrer method can be 
applied. Broad Debye-Scherrer rings (4 lines) were observed 
in the irradiated specimens which indicate that the structure 
of the spikes corresponds to a body-centered tetragonal lattice 
The model of a “displacement spike” can be altered for these 


materials 


* Work supported in part by the U.S. Atomic Energy Commi 


Z8. Effect of Irradiation on the Hole Lifetime of n-Type 
Ge.* O. L. Curtis, Jr., J. W. CLELAND, AND J. C. Pica, 
Oak Ridge National Laboratory.—The etlect of irradiation at 
room temperature on the minority carrier lifetime of high 
single crystal n-type Ge has been studied using a 
holes following in 


purity 
transient the decay of 
jection by a surtace-barrier contact. The irradiations 
conducted in the ORNL graphite reactor and a Co gamma 


lifetime is extremely 


measurement of 
were 


Lhe minority carrier Sensi 


The lifetime is decreased by fast 


ray Ouree 
tive to such irradiations 
neutrons at a rate that is initially several orders of magnitude 
greater than the observed carrier concentration decrease, The 
lifetime is also decreased by gamma irradiations; however, the 
decrease in lifetime appears to be less for a given change in 
carrier concentration than was observed with fast neutrons 
\ lovarithmi plot ol (l/r 1/ro) (a measure of the 
in recombination probability) os @, the total flux integrated 


change 


over time, indicates a simple power dependence ; however, the 


observed straight line has a slope which is less than unity 


wted by the t \t iv bnergy ¢ 


Z9. Radiative Recombination in Semiconductors as an 
Indicator of Radiation Damage. Kk. Bratnsitin, RCA 
Laboratori¢ The radiative recombination of electron hole 


been observed trom Ge and Si! and a number of 
emiconductors.?, An estimate of the 


pairs ha 
Ht \ 

combination rate can be made by 
constants of a semiconductor and applying the 
detailed Direct 
intrinste property of the material, wherea 
Phe number of photon 


radiative re 
using the known optical 
prune ipole ol 
balance electron-hole recombination is an 
recombination via 


traps is structure sensitive emitted, 


for a given generation of electron-hole proporth mal 
to the ratio of the lifetime resulting from traps to the radiative 


litetime. It is ditheult to obtain quantitative data on the inten 


pairs, | 


ity of the emitted recombination radiation, because of internal 
colles 
possible to measure the decay tl the recombina 
introducing the crystal lhe 
tudy of the decay of the radiation signal from n 


reflections in the samples and the poor tion efficiency 
However, iti 
tion by structural defects in 
results of a 
and p-type Ge under fB-ray bombardment will ! 
The rate of decay p type than nm type 
resistivity-dependent. This method should be 


uring radiation damage on materials where other methods of 


presented 
is slower for ind is 


useful in mea 


determining lifetime are not convenient 


1. KR. Haynes and HW. B. Briggs, Ke BO.64/ 4 1 


K. Braunstein, Ph Ke 99, 1K92 (1955 


Z10. Cryostat for Reactor Irradiation of Samples. ©. © 
SARTAIN AND H. P. Yookry, Oak Ridge National Laboratory 
\ cryostat for continuously bathing samples in liquid nitrogen 
or other heat transfer liquids during nuclear reactor irradia 
tion has been constructed and successfully operated. The 
samples to be irradiated at low temperature are immersed in 
the heat transfer fluid which is high-purity liquified nitrogen 
circulating in a closed system at a pressure greater than that 
of the atmosphere. The liquid is kept below its boiling point 
throughout its cycle by use of a heat exchanger located out 
side the reactor shield. The heat exchanger is cooled by com 
mercial liquid nitrogen boiling at atmospheric pressure. Since 
oxygen and water vapor from the air cannot enter the closed 
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pressurized system, no chemical explosions inside the nuclear 
reactor due to an ozone reaction or from recombination of 
disassociated water have occurred. There has been to date no 
evidence of any formation of an aluminum-nitrogen compound 
such as has been postulated to cause chemical explosions in 


Z AND SP 

aluminum dewars filled with liquid nitrogen and inserted 
into nuclear reactors. Baths at other temperatures may be 
obtained by substituting suitable liquids for the high-purity 
nitrogen heat transfer fluid and by keeping the heat exchanger 
at the desired temperature. 





SUPPLEMENTARY PROGRAMME 


SP1. Electron Drift Mobility and Hall Mobility of 1900 
ohm-cm (Uncompensated) p-Tyne Silicon.* MILTON GREEN, 
Signal Corps Engineering Laboratories.—Since experimentally 
measured values of Hall mobility and electron drift mobility 
for p-type silicon have not been reported as yet, for resistivities 
in excess of 200 ohm-cm, it was thought that it would be of 
interest to make such a report on the results obtained on a 
silicon sample having 1900 ohm-cm resistivity. The sample was 
preduced in vacuum by the floating zone technique. It was 
found that Hall mobility (Ro) was 450 cm*/volt sec at room 
temperature, estimated as being correct to within 5%. This is 


in good agreement with the asymptotic value approached by 
the curve of Debye and Kohane.' The electronic drift mobility, 
measured by the constriction method, was found to be 1510 
cm*/volt sec at room temperature. This value is in agreement 
with values obtained by extrapolation of the curves of Prince? 
and Ludwig and Watters.’ The effective lifetime of the sample 
for the minority carriers was 700 microseconds. 


* To be called for at the end of Session X if the Chairman rules that time 


suffices, 
'P. P. Debye and T, Kohane, Phys, Rev, 94, 724 (1954). 
2M. P. Prince, Phys. Rev, 93, 1204 (1954 


1G. W. Ludwig and R. L. Waters, Phys. Rev. 101, 1699 (1956 
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Second Announcement of the 1957 Spring Meeting 


The 1957 Spring Meeting of the American Phys- 
ical Society will be held in Washington, D. C., at 
the Sheraton-Park and Shoreham Hotels and the 
National Bureau of Standards, on Thursday, Fri- 
day, and Saturday, April 25, 26, and 27. Room 
reservations are to be made by writing to the 
Sheraton-Park Hotel, Washington 8, D. C., and 
specifying that the writer is a member of the 


Society. The Sheraton-Park undertakes to provide 
rooms in other hotels after its own allotment to 
our members is fully booked: our members may 
designate the hotels of their choice. Deadline will 
be Friday, February 15, 1957. Abstracts for this 
meeting must be received not later than this date 
at the office of the American Physical Society, 
Columbia University, New York 27, New York. 





MEETINGS AND DEADLINES FOR THE SEASON 


Place 


Norman, Oklahoma 
Philadelphia 
Washington, D. C 
Notre Dame, !ndiana 
Boulder,* Colorado Sep 
* Abstracts for the Boulder meeting are to be sent 
to W. A. NIERENBERG, University of California, 
Berkeley 4, California, and must reach his office 
not later than the corresponding deadline date. 
\bstracts for the other meetings listed above are 
to be sent to KARL K. Darrow, American Physical 
Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. Take note that ab- 
the day before deadline day often 
the last postal delivery of the 


stracts mailed 
fail to arrive in time 


Meeting dates 


March 1 
March 21 
April 25 
June 20-22 


ter 


1956 -1957 


Deadline date 


2 Past 
23 Past 
27 Past 
22 April 12 
nber 57 July 8 
day usually comes to our office before 2 p.m. Allow 


at least two days for abstracts sent by air-mail 
from points east of the Mississippi, and longer for 
those sent from farther west. To avoid chance of 
confusion, please do not send an abstract tor any 
meeting until the deadline date of the previous 
meeting is at least five days past. The privilege of 
contributing papers to meetings of the American Phys 
ical Society 1s restricted to the members of the Society 
and to nonmembers whose papers are sponsored by 
members 





RULES PRESCRIBED FOR ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, 
footnote is equated to ten words; each line in 
table to ten words; a “display” formula —one that 
requires line itself an expensive luxury 
equated to forty words 


a 
a 
a to is 

‘Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten and 
double-spaced ; one must be an original, the other 
Fach abstract 


if it is too long 


may be an original or a carbon copy. 
must be confined to a single page 
for a single page it is too long to be printed. /ence 
forth, if we receive an abstract typed on two pages, 
we shall print only its first page. Write cach abstract 
as a single paragraph : the suppression of paragraphs 
costs time and labor to the editors. Do not use very 
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thin paper; a sheet of very thin paper may cause 
extraordinary trouble when mixed with sheets of 
reasonable thickness, Look at the abstracts in this 
Bulletin to see how the title of the paper and the 
name of the author are to be arranged, and follow 
the example. Issues of the Bulletin are sometimes 
appreciably delayed because the editors have to do 


what the authors should have done. 


Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 


enforcing this rule, an abstract is credited to the 
author whose name appears first in the by 
By action of our Council, abstracts will not hence- 
forth be withdrawn from our proofs unless the 
asker sends ten dollars with his request. 
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MINUTES OF THE WINTER MEETING ON THE West COAST 
HELD AT THE U.S. NAVAL PosTGRADUATE SCHOOL, 
MONTEREY, CALIFORNIA, DECEMBER 27, 28, 29, 1956 


HE 1956 Winter Meeting on the West Coast 

of the American Physical Society was held at 
Monterey, California, on Thursday, Friday, and 
Saturday, December 27, 28, and 29. This was the 
first time that the meeting was held at the new 
quarters of the U.S. Naval Postgraduate School, 
which is situated on the beautiful grounds of the 
Del Monte Hotel. The weather was against us. 
ft was sublimely beautiful, and it was very difficult 
to focus attention on the business part of the meet- 
ing. The facilities were excellent, and there is no 
question but that Monterey will become one of the 
regular places for the meeting of the American 
Physical Society if the appropriate invitations are 
issued. 

There were 29 invited papers and 122 contributed 
papers. Of the latter, only one was read by title. 
This low percentage of unread papers also testified 
to the popularity of Monterey. We owe special 
thanks to Professor R. F, Bacher for arranging an 
excellent session on Astrophysics on Saturday morn- 
ing. 


The statistics are as follows: 


The APS registration figure was 618. 


The NCAPT had 25 additional nonduplicating 
registrations. 


Banquet attendance was 417. 


The members of the Society were guests at a cock- 
tail party held before the dinner, and we are grate- 
ful to the hosts for the occasion, Firestone Research 
Corporation of Monterey. Another innovation was 
the serving of two kinds of wines at dinner. A 
special committee of ‘‘tastevins,’’ Professors N. 
Kurti and W. Bb. Fretter, was formed for the occa- 
sion. Professor P. Kusch was the principal speaker 
on the subject of the social responsibilities of a 
Nobel Laureate. Professor R. T. Birge presided in 
place of President E. P. Wigner. 

Our local chairman for the meeting was Protessor 
i. C. Crittenden, Jr., and he is entitled to full 
credit for the details of a smoothly run meeting. 
The Monterey Chamber of Commerce was a great 
help, even to the extent of radioing the pilots of 
incoming planes to inform the arriving physicists 
that transportation awaited them. 


W. A. NIERENBERG 

Local Secretary for the Pacific Coast 
University of California 

Berkeley 4, California 


* Minutes of the 1956 Chicago meeting wil! appear in a later issue of the Bulletin. 





Errata Pertaining to Abstracts B11, S4, and S9 of the 1956 Monterey Bulletin 


. 


(Series II, Volume 1, No. 8) 


B11, by M. Annis, N. F. Harmon, and R. D. Sard. In line 
16, instead of “2-5 Mev" read “2-5 Bev." 
$4, by R. Bersohn and T. P. Das. In lines 2 and 3, instead 


of “Mntt 
ion (®S5)9)."" 


is a typical }So ion” read ‘‘Mnt* 


is a typical S-state 


S9, by V. L. Pollak and R. FE. Norberg. In line 16, instead 
of “2.0 microseconds” read ‘4.0 microseconds.” 
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The American Physical Society 


OFFICERS OF THE SOCIETY FOR 1957 
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Please cut along this line 


(To be sent to Mr. Solon D. Morgan, Department of 
Physics, University of Pennsylvania, Philadelphia 4, 
Pennsylvania. } 


WISH to reserve . . . places for the banquet of the 

American Physical Society on Friday evening, March 
22. (If you wish to pay in advance send a check, made oul 
to American Physical Society, for $5 per place.) 


| wish to reserve . . . places for the social hour on 
Thursday evening, March 21. (Jf you wish to pay in 
advance, send a check, made out to American Physical 
Society, for $1.25 per place: omit such payment for a woman 
guest.) 

I wish to reserve . . . places for the tour of Phila 
delphia on Friday afternoon, March 22. (/f you wish to 
pay in advance, send a check, made out lo American 
Physical Society, for $2.57 per place.) 


(Name) 




















